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ABSTRACT 
This compilation describes tine synthesis of nnononuclear and 
polynuclear metal complexes and their subsequent characterization using 
various physicochemical techniques as elemental analysis, spectral (FT-IR, 
UV-Visible, ^H-NMR, ^^C-NMR, ^^Sn-NMR, EPR, FAB Mass), thermal analysis 
(TGA/DSC), magnetic susceptibility, cyclic voltammetry and conductivity 
measurements. In a few cases the compounds are also screened for their 
antimicrobial activity, which illustrates their comparable behaviour with some 
reference drugs widely known. Using cytotoxicity assays antitumoral activity 
of relevant compounds has been carried out, and their results are well 
documented. Copper and Nickel complexes were also tested as chemical 
nucleases to study their mode of interaction with pUC 19 plasmid DMA. 
The introductory chapter reports the synthesis and characterization of 
new heterobimetaliic compounds with a ligand derived from diactetylpyridine, 
hydrazine and salicylaldehyde. The open end of the ligand was locked with 
R2SnCl2 followed by the insertion of a transition metal ion in the cavity thus 
formed by locking the ligand. The disappearance of v(O-H) and appearance 
of v(Sn-O) in the IR spectrum of the Sn(saldp)R2 suggests the complex 
formation with R2SnCl2. The IR spectrum of the bimetallic complex exhibited 
a blue shift in v(C=N) indicating coordination of the azomethine nitrogen. The 
complexes are non-electrolytes in DMSO. The ^HNMR spectra of the 
complexes are not much different from that of the free ligand except for the 
disappearance of the signal at 9 ppm due to phenolic protons. The methyl or 
butyl protons attached to the tin appear at their usual places. The TGA profile 
of the ligand and its nnononudear complexes exhibit a three-step pyrolysis, 
although the binuclear complexes decompose in two steps leaving behind tin 
oxide as the final product. 
Second chapter describes the synthesis of a macrocyclic ligand, bdta 
(where bdta = 3,6,9,12,15,18-hexaaza-l,2,10,ll-tetraphenyl-2,9,ll,18-tetra 
enecydododecane) obtained by the cyclocondensation of benzil with 
diethylenetriamine which efficiently encapsulates transition as well as pseudo-
transition metal ions leading to the formation of M(bdta)Cl2 type complexes 
[where M = Mn(II), Fe(II), Co(II), Ni(II), Cu(II), Zn(I I ) , Cd(II) and Hg(II) ] . 
The analytical, spectroscopic and magnetic moment data suggests an 
octahedral geometry for ail the complexes. EPR spectra of Mn(II) and Cu(II) 
show considerable exchange interaction in the complex. They are non-
conducting in DMSO. The TGA profile of the ligand and its complexes are 
identical and consists of two discreet stages. The voltammogram of Cu-
complex exhibits a quasi-reversible one-electron transfer wave for 
Cu(II)/Cu(I) couple. 
Formation of trinudear complexes Sn(tch)2{M2(dtc)4}, where tch = 
thiocarbohydrazide, M = Mn(II), Fe(II), Co(II), Ni(II), Cu(II) and dtc = 
diethyldithiocarbamate has been the subject of third chapter. These 
complexes are obtained in high yields from the reaction of Sn(tch)2{MCl2}2 
with diethyldithiocarbamate They were characterized on the basis of 
microanalytical, thermal (TGA/DSC), spectral (IR, UV-Vis., EPR, ^HNMR) 
studies, conductivity measurement and magnetic moment data. On the basis 
of spectral data a tetrahedral geometry has been proposed for the halide 
complexes, Sn(tch)2{MCl2}2 except for Cu(II) which exhibits a square planar 
coordination although the transition metal ion in Sn(tch)2{M2(dtc)4} achieves 
an octahedral geometry where the dithiocarbamato moiety acts as a 
symmetrical bidentate ligand. The bidentate nature has been established by 
the appearance of a sharp single v(C-S) around 1000 cm"^ A downfield shift 
observed in NHa and NHb protons on moving from Sn(tch)2 to 
Sn(tch)2{MCl2}2 is due to the drift of electrons toward metal atoms. A two-
step pyrolysis has been observed in the Sn(tch)2{MCl2}2 complexes while 
their dithiocarbamato derivatives exhibit a three-stage degradation pattern. 
The in vitro antibacterial activity of Sn(tch)2{M2(dtc)4} and the mononuclear 
Sn(tch)2 has been carried out on bacterial strains E coli and S, typhi. The 
compounds were found to be active against the test organisms. The activity 
of the complexes is enhanced with increasing concentration. The maximum 
activity in both the strains was achieved by Cobait(II) dithiocarbamate 
complex. Minimum activity was found for Sn(tch)2 which generally increases 
with the introduction of transition metal ion in the complex. 
Chapter four in this thesis includes the synthesis of a 
quadridentate ligand disodium bis(2,2'-dithiopiperazinato-2,2'-
diaminodiethylamine) Na2L^  and its self assembled transition metal 
complexes of the type, M2(L )^2 {M = Mn(II), Fe(II), Co(II), Ni(II), Cu(II), 
Zn(TI), Cd(II) and Hg(II). These piperazine pivoted homodinuclear complexes 
have been characterized by a range of spectral, thermal, microanalytical and 
conductometric techniques. On the basis of IR and ^HNMR data a 
I I I 
symmetrical bidentate coordination of the dithiocarbamato moiety has been 
observed in all the cases. The TGA profile of the ligand exhibits a two stage 
thermolytic pattern whereas the complexes decompose in three steps 
respectively. Metal sulfide is found to be the end product. The FAB mass 
spectra ascertain the formation of homodinuclear complexes and a probable 
fragmentation pattern has been proposed. On the basis of UV-visible and 
room temperature magnetic moment data a tetrahedral geometry has been 
ascertained for all the complexes except Ni(II) and Cu(II) which are found to 
be square planar. 
In Chapter five mononuclear complexes of the type M(L)Cl2 (where M = 
Mn(II), Fe(II), Co(II), Ni(II), Cu(II) and L = N,N-diethylpiperazinyl,2,6-
pyridinedicarboxylate) have been synthesized and characterized by elemental 
analysis, FT-IR, ^HNMR spectroscopy, UV-visible, magnetic moment, 
TGA/DSC, cyclic voltammetry and conductivity measurement data. The 
spectral data suggests that the dipicolinic acid acts as a bidentate ligand and 
is coordinated to the metal ion through the carboxylate oxygen. The cyclic 
voltammogram for Cu(L)Cl2 complex was found to display two reversible 
Cu(II)/Cu(I) and Cu(II)/Cu(III) redox couple. The ligand exhibits a two-step 
thermolytic pattern while the complexes decompose in three stages 
respectively. An octahedral geometry has been proposed for both the 
complexes. The Investigation of the interaction of the Ni(II) and Cu(II) 
complexes with calf-thymus DNA has been performed with absorption 
spectroscopy and fluorescence quenching experiments, which showed that 
the complexes are avid binders of calf-thymus DNA. Also the interactions of 
IV 
these complexes with plasmid DNA (pUC 19) were studied using agarose gel 
electrophoresis. The results revealed that Ni(II) and Cu(II) complexes can 
act as effective DNA cleaving agents resulting in the nicked form of DNA 
(pUC 19) under physiological conditions. The gel was run both in the absence 
and presence of an oxidizing agent (H2O2). 
The final chapter of this project deals with the synthesis and 
characterization of several mononuclear Sn complexes ranging from mono to 
tetrakisindoline dithlocarbamates. Various spectroscopic techniques in 
combination with microanalytical data lead to the formation of 1:2 and 1:4 
(Sn:Naindtc) type complexes depending on the molar ratio of the sodium salt 
of indolinedithiocarbamte employed. A symmetrical bidentate coordination of 
the indolinedithiocarbamte has been observed in all the cases as evident by a 
single sharp band at 1000 cm"^ in their IR spectra. The complexes were 
found to adopt an octahedral arrangement around the Sn atom as evident 
from their ^^^Sn-NMR data. The TGA/DSC profile of the ligand exhibits a two-
stage thermogram while the complexes decompose in three steps leading to 
the formation of tin-sulfide as the eventual end product. The in vitro 
cytotoxicity of butyl and phenyl analogues have been studied against the 
seven standard human tumor cell lines. The complexes have also been 
screened for their antifungal and antibacterial activity against E coli, S. 
aureus, C. albicans and A. flavus. The results indicated the compounds to be 
active. 
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CHAPTER -1 
ORGANOTINS AS LOCKING 
AGENTS IN THE FORMATION OF 
DINUCLEAR COMPLEXES 
ORGANOTINS AS LOCKING AGENTS IN THE FORMATION OF 
DINUCLEAR COMPLEXES 
I N T R O D U C T I O N 
The term "Compartmental ligand" was coined by Robson in tine year 
1970 and lias attracted a lot of attention in the recent years due to the key 
role played by these ligands in synthetic and biological applications^ The 
most attractive feature of these ligands is their ability to give rise to 
connpounds with unusual properties''-^. The presence of two or more binding 
sites in close proximity confers them the capability to undergo two similar or 
dissimilar recognition processes'*. 
(CH2),,-
\uc CH, 
(CH2)n-
Robson type phenolic ligand 
The mutual influence between the two metal ions leads to polymetallic 
systems with new physicochemical properties which are being used in the 
design of molecular magnetic or optical devices, molecular probes for the 
selective recognition of charged or neutral molecules as well as polynuclear 
catalytic systems^"^. 
It was proved, that the two metal Ions communicating each other 
through suitable bridging groups can give rise to ferro or antiferro magnetic 
interactions to electron transfer processes or can produce an asymmetric or 
symmetric activation of specific molecules with highly selective catalytic 
properties 7-10 
M(ll) 
NH2(CH3)NH2 
2+ 
Formation of dinuclear transition metal complexes 
The ability to form heterodinuclear complexes is related to the 
possibility to synthesize stable mononuclear complexes to be used as 
"ligand" for further complexation or to have dinuclear systems capable to 
suffer a transmetallation process at one of the two chambers". For instance 
dinucleating systems containing a paramagnetic center fixed in one chamber 
(i.e., Ln(III), Mn(II), etc.) can influence considerably the properties of the 
second metal ion coordinated to the adjacent chamber (i.e., a transition 
metal ion) and hence can serve as molecular devices for its recognition and 
qualitative detection^^. The interest in the compartmental Schiff bases as 
ligands for the building of the high nuclearity metallic complexes has also 
attracted much attention owing to their relatively easy synthesis and their 
flexibility in the formation of stable complexes^^" '^*. 
/ - - M O O ^ N O O , 
/ \ / La(lll) '^ \ l \ / 
(CH,)n M L^^uiL! ^ (CH-,)n M La (CH,)n 
y^vu)n ' NH2(CH2)3NH2 \^^^''^ / \ l \ / 
^ - N 0 0 N O O ' 
Cll i C l h 
Compartmental Schiff base complexes 
Schiff base ligands are considered as "privileged ligands" because they 
are conveniently prepared by the condensation of aldehydes with amines. 
Stereochemical factors or other elements of chirality (plane, axis) can be 
introduced, leading to the formation of complexes with unprecedented 
physicochemical properties'^. Schiff bases readily forms complexes with 
almost all the transition metal ions and stabilizes them in a variety of 
oxidation states. Transition metal complexes of Schiff bases with oxygen and 
nitrogen donors are of particular interest due to their wide ranging properties 
from material science to biological science'^. Schiff bases can accommodate 
various metal centers involving various coordination modes thereby allowing 
successful synthesis of homo and heterometallic complexes with varied 
stereochemistry^''. These features attribute to their higher stability and 
potential applications in many fields. They have important catalytic 
applications ranging from asymmetric epoxidation, Lewis acid assisted 
catalytic transformations, and solid phase extraction of metal ions to various 
types of polymerization^^'^°. These complexes also have applications in 
clinical, analytical fields and exhibits promising antibacterial, antifungal, 
anticancer and herbicidal properties'^ Schiff bases are also employed as 
starting material in the synthesis of industrial and biological compounds such 
as (3-lactones. Some of them are also used as model molecules for biological 
oxygen carrier systems. The wide applications of Schiff bases have generated 
a great deal of interest in their mononuclear and polynudear metal 
complexes, which remain one of the most thoroughly, studied systems'^. 
Mono and polynudear metal complexes provide the opportunity to 
study the intramolecular binding, magnetic exchange interactions, 
multielectron redox reactions and possible activation of small substrate 
molecules'-^"'''. Recently, much research on dinuclear or trinuclear metal 
complexes has been focused on species containing the first row transition 
metal ions with tetradentate ligands'^. The formation of these complexes 
depends significantly on the dimension of the cavity, the flexibility of the 
ligand, nature of the donor atoms and the complexing nature of the anion. 
Intensive investigations of the coordination chemistry of these mononuclear 
and dinuclear metal complexes with chelating ligands continue to be 
simulated by interest for metallobiomolecules^^. A long-standing and 
successful strategy for the synthesis of dinuclear metal complexes is the use 
of compartmental ligands as precursor^''. 
2,6-Diacetylpyridine (DAP) is a versatile building block yielding 
complexes of different geometries and topologies depending on the nature of 
the coordinating moiety. Owing to the availability of the two carbonyl groups 
of DAP, it may leave one carbonyl group free resulting in a mono-Schiff base 
or may condense at both the ends leading to a bis-Schiff base^''. DAP is an 
excellent precursor for synthesizing hydrazone Schiff base complexes due to 
its versatile ligating behavior^^. 
HN N 
N 
C 
H3C\ / ^ N ^ \ //CH3 
N 
s s- R 
Coordinating sites of 2,6-Diacetyl pyridine 
A number of chelating ligands composed of hydrazones, 
thiosemicarbazones and selenosemicarbazones with DAP have been reported 
and their ligating diversity is multiplied by the extent of protonation^°"^^ The 
nature of the coordination in these complexes depends on the metal ion, 
stoichiometry, temperature, pH, and also on the nature of the ligand-^^. 
Organotin(IV) reacts with Schiff bases in neutral and deprotonated 
forms to yield complexes of variable stoichiometry incorporating various 
coordinating modes^"*. In view of the wide ranging applications of polynuclear 
systems and organotin(IV) compounds we decided to study the chelating 
properties of a compartmental ligand composed of diacetylpyridine, 
hydrazine and salicylaldehyde with organotin(IV) compounds. 
In continuation of our work on dinuclear systems^^'^^, we are 
reporting, a novel compartmental ligand, Hzsaldp (where saldp = 
bis(salicylaldehydehydrazone)diactetylpyridine). Diorganotins [R2SnX2] have 
been studied extensively as versatile complexing agents but their use as ring 
closing agents is limited^^. In the present study, diorganotin dichlorides 
R2SnCl2 (R = Me, Bu) have been exploited as locking agents leading to the 
formation of a cavity of appropriate size encapsulating a transition metal ion. 
EXPERIMENTAL 
Hydrated metal chlorides (BDH), salicylaldehyde, Diacetylpyridine 
(Fluka) and Hydrazine hydrate (Ranbaxy) were used as received. Methanol 
was used after distillation. Elemental analyses were carried out with a Perkin 
Elmer, Series I I CHNS/0 analyzer 2400, USA. Chloride was determined 
gravimetrically as AgCP^. IR spectra (4000-200 cm"^) were recorded on a 
RXI FT-IR spectrometer as KBr discs. The conductivity measurements were 
carried out with CM-82T Elico Conductivity Bridge in DMSO. The electronic 
spectra were recorded on a Cintra 5GBC spectrophotonneter in DMSO. 
Magnetic susceptibility measurements were done with a 155 Allied Research 
vibrating sample magnetometer at room temperature. The NMR spectra were 
recorded on a DPX-300 .spectrometer In DMSO at room temperature. ^^ CNMR 
spectra were recorded in CDCI3. TGA was performed with a Perkin Elmer 
thermal analyzer under nitrogen atmosphere using calcinated AI2O3 as 
reference. The weight of the sample taken was 8 mg. The heating rate was 
maintained at 10 °C min '. Melting points were determined by the Wiswo 
melting point apparatus. The metal contents were estimated by 
complexometric titrations'^. 
Preparation of H2saldp 
Hydrazine hydrate (10 mmol, 0.5 mL) was dropwise added to a 
solution of 2,6-diacetylpyridine (5 mmol, 0.82 g) dissolved in 25 mL of 
acetonitrile. After two hours of stirring, a white precipitate was obtained 
which was left overnight. I t was decanted, washed several times with 
acetonitrile and cold diethylether and dried in vacuo over CaCb- The 
methanolic solution (25 mL) of this white precipitate (2 mmol, 0.38 g) was, 
subsequently allowed to react with salicylaldehyde (4 mmol, 0.42 mL). A 
yellow precipitate thus obtained was decanted, washed several times with 
methanol and ether and dried in vacuo (Fig. 1). 
Preparation of Mononuclear Complexes, Sn(saldp)R2 
To a methanolic solution 25 mL of Hjsaldp (2 mmol, 0.38 gm), R2SnCl2 
(where R = CH3 and C4H9) (2 mnnol) dissolved in 20 mL of the same solvent 
was added, dropwise with continuous stirring. The reaction mixture was 
stirred for about two hours to obtain a light-yellow thick precipitate. It was 
filtered through celite washed with methanol, cold diethyl ether and dried in 
vacuo (Fig. 2). 
Preparation of Heterodinuclear Complexes, Sn(saldp)R2 MX2 
In a well dissolved 20 mL methanolic solution of Sn(saldp)R2 (2 mmol), 
hydrated metal chloride (2 mmol) dissolved in the same solvent (20 mL) was 
added, dropwise to obtain an immediate precipitation of the respective 
binuclear complexes. The precipitate was decanted washed with methanol 
and cold diethyl ether and dried in vacuo (Fig. 3). 
RESULTS AND DISCUSSION 
The mononuclear complexes are conveniently obtained by the facile 
reaction between H2saidp and R2SnCl2 where R = methyl and butyl group 
(Fig. 2-3) in equivalent stoichiometry. 
H2saldp + R2SnCl2 • Sn(saldp)R2 + 2HCI 
However, the binuclear complexes are obtained by simple insertion 
reaction of transition metal halides in the cavity formed by Sn(saldp)R2 in 
alcoholic media. An 18-membered cavity Is produced by exploiting the labile 
chlorides of diorganotin(IV) in a way tinat the first row transition metal ions 
can easily be encapsulated within. Their molar conductance of 1 millimolar 
solutions measured in DMSO indicated them as non-electrolytes'*". The 
complexes are stable to heat and light. They give satisfactory elemental 
analysis, are amorphous in nature, partially soluble in CHCI3, CH2CI2 and 
highly soluble in DMSO and DMF (Table I ) . 
IR Spectra 
The diagnostic IR bands of the complexes are summarized in Table I I . 
The ligand and its mononuclear complexes exhibit an intense band in 1648-
1630 cm'^ range due to azomethine nitrogen (C=N)'*\ I t Indicates the 
condensation of the C=0 groups of salicylaldehyde with the amino groups of 
the flanked hydrazine moiety, affording the ligand H2saldp. The replacement 
of the carbonyl group is further evidenced by the disappearance of the bands 
in the 1700-1800 cm"'. However, in the binuclear complexes v(C=N) is 
shifted to a lower region (Fig. 3) indicating coordination of the metal ions 
with the azomethine nitrogen"*^. A medium intensity band at 3356 cm ^ 
characteristic of v(O-H) of the ligand was found to be absent in the 
complexes (Fig. 2). A medium intensity band is observed at 988 cm"' in the 
ligand and was found to be blue shifted in the complexes indicating the 
involvement of hydrazine nitrogen in coordination"-^. 
The far-IR region is quite cardinal in the present study. In all the metal 
complexes the presence of a medium intensity band in 255-298 cm"' range 
assignable to v(Sn-O)'''', establishes the use of R2SnCl2 as a locking agent 
and the formation of a cavity. As there is only one band in this region a linear 
0-Sn-O coordination is expected'*^. The medium intensity bands observed at 
1450 and 1357 cm"^ can be associated with the composite v(C=C) and 
v(C=N) vibrations in agreement with the other authors"^. 
Occurrence of some new bands in the far-IR range (330-380 cm"^) is 
consistent with the v(M-N)''^. 
Electronic Spectra and Magnetic Moments 
The electronic spectral bands and the magnetic moments of the 
complexes are summarized in Table I I I . An octahedral Mn(II) complex gives 
spin forbidden as well as parity-forbidden bands'*^. In addition to the band 
due to n-7t* transition the electronic spectrum of Mn(II) complex in DMSO 
exhibits three spectral bands in the region 31521 to 30735 cm'^; 23454 to 
21453 cm ^ and 17851 to 17689 cm"^ which have been assigned to %g(P) <- '^ Ajg; 
''T2g(G) *- ^Aig and ''Tig(G) *- ^Aig transitions, respectively. The high spin d^ 
configuration gives an essentially spin-only magnetic moment of ~ 5.9 B.M. 
and is temperature independent. The magnetic moment in this case is very 
close to spin free octahedral Mn(II) ion''^. 
The room temperature magnetic moment values are found to be 5.09 
and 5.21 B.M. for Sn(saldp)l^e2FeCl2 and Sn(saldp)Bu2FeCl2 complexes, 
respectively. These values are in close agreement with those of Fe(salen)^° 
and Fe(salen)py2^^ The electronic spectrum of Fe(II) complexes displays two 
charge transfer bands besides a broad d-d band (Table I I ) . The charge 
transfer bands observed in the 28,000-33,400 cm"^ might be due to n-n 
transition of the azonnethine group^^. 
The spectra of Sn(saldp)Me2CoCl2 and Sn(saldp)Bu2CoCl2 have identical 
features, indicating sinnilar stereochemistry around the Co(II) ion. The former 
shows absorptions at 20790; 15552 and 11146 cm"^ and the latter exhibits 
bands at 22321; 16474 and 11272 cm'^ (Table I I I ) . The low frequency band 
at around 11000 cm"^ is characteristic of Co(II) ion with an octahedral 
arrangement^^. The observed magnetic moment values (4.14 and 4.20 B.M.) 
are within the predicted range for a high-spin Co(II) ion with considerable 
orbital contribution to the overall magnetic moment^"*. 
Electronic spectra of octahedral Ni(II) complex is known to exhibit 
three spin allowed electronic transitions from •'A2g ground state to ^Tig(P), 
^Tig(F) and •^ T2g(F) excited states, respectively^^ In the case of 
Sn(saldp)Me2NiCl2and Sn(saldp)Bu2NiCl2, three absorption bands in the range 
22779-22371 cm"' (v i ) , 15847-15384 cm"' (V2) and 11764-12544 cm"' (V3) 
have been observed. The Vj due to one of the spin allowed electronic transitions 
in the visible region is assigned to ^ig(P) <- Xg(F). The position of middle band 
(V2) has been attributed to ^Tig(F) ^ % g transition. The ligand field 
parameters wz lODq, B (Racah parameter), 3 (Nephelauxetic ratio) are 
almost identical for Sn(saldp)Me2NiCl2 and Sn(saldp)Bu2NiCl2. These values 
reflect that the M-L bond is sufficiently strong, which in turn suggests enough 
overiapping of metal orbitals with those of the ligand. The compounds are 
paramagnetic with room temperature magnetic moment values^^ ranging 
between 3.21-3.34 B.M. 
Octahedral Cu(n) complexes are known to exhibit four absorption bands, 
but only one broad band is generally observed^''. Such a case arises due to 
the masking of less intense d-d bands by the strong charge transfer bands^ .^ 
In the present study a broad band in 21005-19608 cm'^ (Table III) has been 
observed. Practically, for an octahedral Cu(II) complex the room temperature 
magnetic moment value ranges between 1.8-2.0 B.M.^ '^ . In the present work, 
the small increase from the spin-only value is due to the mixing of some 
orbital angular momentum from excited states via spin-orbit coupling 
phenomenon^". The electronic spectra and the magnetic moment data are 
consistent with an octahedral structure for Cu(II) ion. 
Thermal Analysis 
The samples were heated at uniform rate of 20 °C/min. The TGA 
profile of the ligand (H2saldp) consists of two well defined stages (Table IV). 
The first decomposition stage starts at 110 °C and continues^^ until 470 °C. It 
corresponds to the degradation of two salicylaldehyde moieties contributing 
57.14 % weight loss (calcd. 57.15 %). The second stage starts from 500 °C 
and continues until 800 °C, which Is consistent with the degradation of the 
remaining part of the molecule. Generally, the TGA steps corresponding to 
deamination involve sudden weight losses, accompanied by relatively sharp 
peaks in corresponding DTG curve". 
In the present case, the DTG curve of the ligand shows an intense 
sharp exothermic peak for the rapid pyrolysis of salicylaldehyde moieties. 
However, there is no distinct peak corresponding to the second step. 
The mononuclear complexes exhibit three stage thermograms in the 
range 200-350, 350-450 and 450-800 °C, respectively. The first stage 
accounts for about 20 % weight loss corresponding to the degradation of 
diacetylpyridine fragment while the second stage corresponds to the 
liberation of two nitrogen molecules. The third stage of pyrolysis is consistent 
with the decomposition of the remaining part of the molecule containing Sn 
as SnOs". The DTG profile in the present case is quite diagnostic. A sharp 
exothermic peak is observed for the first step while a weak endotherm may 
be attributed to the liberation of nitrogen. Moreover, a sharp exothermic 
peak at the end corresponds the oxidation of Sn to Sn02. 
The TGA profile of the bimetallic complexes is relatively simple and 
consists of two discrete stages. The initial stage corresponds to the 
simultaneous loss of chlorine, diacetylpyridine and two alkyl groups. The 
second stage corresponds to the degradation of the remaining part of the 
molecule containing Sn in its oxide form. The DTG curve exhibits a solitary 
peak in the 200-350 °C range. 
^HNMR and ^^CNMR Spectra 
The ^HNMR spectra of the H?saldp exhibits singlets at 6 = 2.18 and 
6.99 ppm corresponding to the methyl protons of the diacetyl moiety and C-H 
of the salicylaldimine moiety, repectively^''. Two sets of multiplets were 
observed at 8 = 8.2-8.8 due to the pyridinium protons while the multiplet at 
8 = 7.4-7.6 corresponds to the phenyl protons of the salicylaldimine moiety^^ 
of the ligand and its complexes (Table V). A low field signal at 8 = 9.0 ppm 
13 
may be due to the phenolic protons of salicylaldimine in case of HiSaidp and 
was found to be absent in case of its metal complexes implying their 
formation. I t may be noted that the chemical shifts of the complexes are 
almost similar to those of the free ligand. However, in case of complexes an 
additional triplet was observed corresponding to the flanked methyl groups at 
6 = 0.8. For butyl analogs, three set of multiplets at 8 = 1.5, 1.31 and 1.29 
ppm were observed. Moreover, disappearance of the signal due to 0-H 
proton of the salicylaldehyde is evidenced by the formation of Sn-0 bond. 
The ^^CNMR spectra of the ligand, H2saldp exhibit signals at 5 165, 
124.5 and 137 ppm corresponding to C1/C5, C2/C4 and C3 respectively^^ (Fig. 1). 
These signals are shifted to lower regions in the complexes implying 
coordination^^ (Table VI). Another set of signals were observed in the region 
8 17.2 and 157 attributed to C7/C16 and Ce/Cis. The peaks due to aromatic 
carbons were observed in the region 6 112.3 to 147. However, the Cs/Ciy 
were located at 8 167 ppm (Table VI). The methyl carbons attached to tin 
were observed at about 8 8.12 ppm^^ while the butyl carbons were observed 
at about 8 27.5, 25.4, 25.1 and 13 ppm respectively^^. 
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CHAPTER - II 
SYNTHESIS, CHARACTERIZATION 
AND THERMAL STUDIES OF 
TRANSITION METAL COMPLEXES 
DERIVED FROM BENZIL AND 
DIETHYLENETRIAMINE 
SYNTHESIS, CHARACTERIZATION AND THERMAL STUDIES 
OF TRANSITION METAL COMPLEXES DERIVED FROM BENZIL 
AND DIETHYLENETRIAMINE 
INTRODUCTION 
The rich and lively topic of coordination chemistry of synthetic 
macrocycles originated during 1960's with the synthesis of the preorganized 
ligand system in which the metal ion was employed as a templating agent\ 
The design and synthesis of macrocycles and their complexes have garnered 
much attention due to their potentially unique physicochemical properties'""^ 
They also find applications as models for important metallobiosites, 
metallophorphyrins (Hemoglobin, Myoglobin), cytochromes, chlorophylls, 
corrins (Vit. B12) and antibiotics". 
CH, 
CH-, 
COOH COOH 
structure of Hemoglobin 
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They also find application as catalysts and in the investigation of 
mutual influence of proximal centers on the electronic, magnetic and redox 
properties of multimetallic systems^. I^acrocycles can also act as receptors 
capable of selective recognition of the metal ions, anions and neutral 
molecules and can lead to mediated transport acting as sensors or devices 
extending to molecular machines and pharmacology^. These systems 
represent a promising synthetic approach for the design of the macrocyclic 
ligands whose metal binding sites can be effectively modulated in terms of 
cavity size, coordination number and nature of the donor atoms to selectively 
form complexes''. In fact by changing the nature of the macrocyclic 
framework, selectivity could be reached in the binding properties of different 
donating groups^. 
Modulated polyaza macrocycle 
In recent decades polyaza macrocyclic ligands have been the subject 
of many investigations as they are capable of forming mononuclear as well as 
polynudear complexes^ Due to this feature there has been considerable 
30 
activity regarding the synthesis of macrocyciic systems that are not only 
related to monocyclic rings but also contain appended side chains^". I t is 
worth noting that the N-functionalization of these macrocydes may enhance 
their metal ion selectivity^^ The polyazamacrocyclic systems have an ability 
to form metal chelates in aqueous solution and act as selective complexing 
agents for metal cations. Heteroaromatic subunits such as 2,2-bipyridine and 
1,10-phenanthroline are often introduced as integral parts of the host 
molecules so that the unshared electron pairs act cooperatively in binding^^. 
Phenanthroline and bipyridine containing polyamine macrocydes 
Among the various synthetic strategies proposed, the template 
condensation is one of the most highlighted^-^. Metal template condensation 
often provides selective routes that are not obtainable in the absence of the 
metal ion. The reactions are simple one pot and are quite high yielding'''^^. 
The number and the relative positions of the donor atoms and the cavity size 
in the macrocyciic rings confer these molecules with special reactivity^^. For a 
particular diketone and diene the control of the reaction conditions and the 
ratio of the reactants permit to design the condensation product^^. 
Sonne of these macrocycllc ligands contain central hydrophilic cavities 
ringed with electronegative binding atonns and exterior franneworks exhibiting 
hydrophobic behavior^^. The hydrophobic exteriors may allow them to solubilize 
metal ions in non-aqueous solvents as in membrane media, resulting in their 
employment as models for carrier molecules in the study of active ion transport''^. 
Many synthetic routes to macrocycllc ligands involve the use of metal 
ion template to orient the reacting groups of linear substrates in the desired 
confirmation for the ring to close^°. 
c 
() 
c 
II () 
HoN NH, 
C C 
M 
N N 
Metal templated synthesis of [1 + 1] and [2 + 2] Schiff base 
macrocycllc complexes. 
Ethanedionediphenyl also known as benzil is one of the most basic a-
dicarbonyl. Benzil and its related compounds have been extensively used as 
biologically active complexing agents and analytical reagents'^\ It is 
employed as a selective diketone to obtain macrocycles of desired cavity size 
and significant reactivity^^. I t is observed that different products are obtained 
I 
on varying the solvent, pH, temperature and nature of the metal ion used^-^. 
Metal ions can enhance the rate of a reaction, by stabilization of transition 
state or product by appropriate coordination. They can also retard reaction 
by coordination to a starting material providing a protective influence. This 
phenomenon is the hallmark of metal template reactions^''. 
Macrocyclic polyamines are often involved because of their strong 
ligating properties towards metallic ions and also for their extra stability. 
According to the design of the macrocyclic framework, these ligands may 
particularly be able to hold two or more metal centers in close proximity^^. 
Diethylenetriamine (diene) is a linear triamine ligand having terminal amino 
groups that can coordinate in both facial or meridonial topology and both 
bistriamine and monotriamine complexes are possible for octahedral central 
metal ions^^. 
.N N N. 
N 
''H 
Various coordinating modes of diethylenetriamine 
Coordination compounds using diene as a ligand have been widely 
investigated for both octahedral and square planar complexes. Presently, 
they are gaming much attention as building blocks in supramolecular 
assemblies and as catalysts^^. 
In the present work, synthesis and charactenzation of an 18-
membered tetraaza macrocycle derived from the condensation of 
diethylenetriamine with benzil has been described. Its complexes with 
transition metals have been synthesized and characterized by 
microanalytical, thermal (TGA/DSC), spectral (IR, UV-Vis., EPR) studies, 
cyclic voltammetry, conductivity measurement and magnetic moment data 
EXPERIMENTAL 
Hydrated metal chlorides (Merck), Benzil, Diethylenetriamine 
(Ranbaxy) were used as received. Methanol was distilled before use. 
Elemental analyses (C, H and N) were carried out with a Carlo Erba EA-1108 
analyzer. The metal contents were estimated by complexometric titration^^ 
IR spectra (4000-400 cm )^ were recorded on a RXI FT-IR spectrometer as 
KBr disc while the 600-200 cm"^ range was scanned with Csl on a Nexus FT-
IR Thermo Nicolet, spectrometer. The conductivity measurements were 
carried out on a CM-82T Elico conductivity bridge in DMSO. Magnetic 
susceptibility measurements were done with a 155 Allied Research vibrating 
sample magnetometer at room temperature. TGA was performed with a 
Perkin-Elmer (Pyris Diamond) thermal analyzer under nitrogen atmosphere 
using alumina powder as reference. The weight of the sample was between 8 
— — _ 
to 12 mg and the heating rate was maintained at 10 °C/min. EPR spectra of 
Cu(II) and |vin(II) complexes were recorded on a RE-2X Jeol EPR, 
spectrometer fitted with 100 KHz field modulation. Cyclic voltammetry was 
performed on a 0.1 mM DMSO solution. The potential was scanned at a rate 
of 50 mV/s. The potentiometer was a Princeton Applied Research model 263A 
attached to a P.C. using Electrochemistry Powersuite Software. The working 
electrode was a glass electrode, the counter electrode was a platinum wire 
and the reference electrode consisted of Ag, AgCI/KCI (saturated). 
Synthesis of macrocycle (bdta) 
A mixture of benzil (4.75 mmol , 1.0 g) , and diethylenetr iamine 
(4.75 mmol, 0.51 mL) in 50 mL hot ethanol was refluxed for about 4 hours. 
It was left at 0 °C which afforded a crystalline product. The product was then 
decanted, washed with cold diethyl ether and dried in vacuo over CaCb 
(Scheme 1). 
Synthesis of complexes 
A hot ethanolic solution of the macrocycle and the metal dichloride in 
1:1 molar ratio was refluxed for about 5 hours and left overnight at room 
temperature, which afforded a product. The product was filtered, washed 
with cold diethyl ether and dried in vacuo. The metathetical procedure gives 
a poor yield hence the template method was adopted (Scheme 2). 
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Synthesis of Zn(bdta)Cl2 
Since in tine case of Zn and Cd a very low yield was obtained, metal 
template procedure was adopted. To a hot ethanolic solution (20 mL) of 
benzil (2 mmol, 0.42 g) neat diethylenetriamine (2 mmol, 0.22 mL) was 
added dropwise with continuous stirring. An ethanolic solution (15 mL) of 
ZnCb (2 mmol, 0.26 g) was added dropwise to the above mixture over a 
period of 30 min. with continuous stirring and no precipitation was observed 
till an hour. The reaction mixture was then refluxed on a water bath for 
about five hours until the appearance of a crystalline product. It was 
decanted, washed with ethanol, diethyl ether and dried in vacuo over CaCb 
(Scheme 3). 
Synthesis of Cd(bdta)Cl2 
A similar procedure was followed for Cd-complex except that the CdCb 
(2 mmol, 0.4 g) was dissolved in minimum amount of DMSO (8 mL). A light 
yellow complex was obtained after 6 hours of refluxing. The resulting 
precipitate was filtered, washed with ethanol, diethyl ether and dried in 
vacuo over CaCb (Scheme 3). 
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^ \ o 
c 
~N 
NH2 NH2 
O 
Scheme 1. Preparation of the ligand bdta 
MCI, + bdta 
C 
C 
N 
CI 
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Scheme 2. Synthesis of the complex M(bdta)Cl2 where M = Mn(II), Fe(II), 
Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II). 
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RESULTS A N D D I S C U S S I O N 
The compounds correspond to the connposition M(bdta)Cl2, where M = 
Mn(II), Fe(II), Co(II), Ni(II), Cu(II), Zn(II) , Cd(II) and Hg(II), and bdta = 
3,6,9,12,15,18-hexaaza-l,2,10,1 l-tetraphenyl-2,9,11,18-tetraenecyclodode-
cane. The physicochemical properties of the ligand and its complexes are 
summarized in Table I. They are thermally stable and decompose between 
148-254 °C. They are insoluble in common organic solvents but are soluble in 
hot methanol, DMSO and DMF. The low molar conductance values of one 
millimolar solution of the complexes measured in DMSO indicated them to be 
non-electrolytes^^. 
IR Spectra 
The important ir spectral bands are listed in Table I I . The data is 
consistent with the presence of imine bonds, each complex exhibiting the 
v(C=N) mode at 1618-1627 cm'' , which is diagnostic of a successful Schiff 
base condensation, while no bands attributable to C=0 or NH2 groups are 
detected^". The band due to v(C=N) observed at 1640 cm"^ in the case of the 
ligand shows a negative shift of 20-25 cm'^ in the complexes. This suggests 
the coordination of azomethine group with the metal ion-^^ Some medium to 
strong bands are observed in the 1500-1600 cm"^ region in the ligand and its 
complexes which may be ascribed to the ring vibrations. This band remains 
unchanged in the complexes implying the non-involvement of peripheral 
aromatic groups. Similarly no considerable change in v(N-H) was observed 
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on moving from free to the complexed ligand; it is suggested ttiat the v(NH) 
is not involved in coordination. The spectrunn also shows that the absorption 
due to CH2 group (2940 cnn"^) does not shift in the case of complexes, hence 
they are insensitive to coordination-^^. 
The sharp and distinct bands present in the far ir region, 418-448 cm'^ 
and 320-346 cm"^ provide a compelling evidence for the presence of metal-
nitrogen and metal-chlorine bonds respectively, in the complexes, which 
were absent in the spectrum of the macrocyclic ligand. However, v(M-N) does 
not follow any regular trend^^. 
EPR Spectra 
The EPR spectrum of the polycrystalline complexes Cu(bdta)Cl2 and 
Mn(bdta)Cl2 showed strong signals at room temperature. The axial symmetry 
parameter i.e. G (QH - g^) has been calculated. The complexes do not show 
hyperfine splitting. According to Hathaway et al. the G value measures the 
exchange interaction between metal cente-s in polycrystalline solids^"*. In 
case G>4, the exchange interaction is negligible but if G<4, considerable 
exchange interaction occurs in the complexes. The Epr spectrum of the Cu-
complex shows a broad signal with G average at 2.002, which is consistent 
with an axialiy elongated octahedral geometry. The broadening of this signal 
might be due to dipolar interactions, indicating lowered site symmetry 
suggesting that the unpaired electron resides mainly in the dx%^ orbital. This 
indicates a considerable exchange interaction in the complex^^. However, the 
solution spectra of the Cu-complex in frozen DMSO (77 K) exhibits hyperfine 
40 
interaction attributable to the coordination of four imine nitrogen. The trend 
Qll (2.102) > Qj. (2.001) has been observed in accordance with the criterion of 
Kivelson et al. innplying the presence of unpaired electron in localized dx^y^ 
orbital for the Cu(II) ion characteristic of the axial symmetry-^^. 
In a sinnilar fashion, a single unresolved signal observed in the Mn 
complex suggests an exchange interaction between the Mn(II) centers. In 
the present case, the average G value is found to be 2.008, which can be 
corroborated with an octahedral environment. Thus, the Epr spectrum 
supports the binding of the ligand with four potential nitrogen donor atoms to 
the metal ion in an octahedral environment^^. The solution spectra of Mn(II)-
complex at liquid nitrogen temperature (77 K) and that of polycrystalline 
sample has similar features with Gav = 2.007 further implying octahedral 
geometry for Mn(II) ion^^. 
Electronic Spectra and Magnetic Moments 
The room temperature magnetic moment of Mn(II) complex (5.8 B.M.) 
is close to the spin only value for an octahedral Mn(II) ion corresponding to 
five unpaired electrons^^. This pale-yellow complex in DMSO exhibits three d-d 
absorption with low molar extinction coefficients. The series of bands 
observed are weak and narrow stretching over the entire visible region, 
which are assigned from sextet ground term, ^Aig to quartet excited terms 
''Tig(P), ''T2g(G) and '*Tig(G) respectively"*". On the basis of magnetic moment 
and spectral assignments an octahedral geometry has been proposed for the 
l^n(II) ion''^ The various ligand field parameters are calculated for the Mn(II) 
complex. The value of Dq has been calculated from Orgel energy level 
diagram using V2/V1 ratio and the value comes out to be 1576 cm \ The 
nephelauxetic parameter, (3 is readily obtained using the relation f] = 
Bcomp/Bfree ion, Where Bfree ion iS 1199 cm \ The value of (3 indicates that the 
covalent character of metal ligand sigma bond is very low (Table I I I ) . 
The brown colour Fe(II) complex in DMSO is a characteristic of high-
spin Fe(II) ion. Since in the case of octahedral Fe(II) complexes the intense 
charge transfer bands obscure d-d bands'*^, a single band has been observed 
in the present study. Thus, the broad band centered at 11268 cm ' can be 
effectively assigned to E^g <- T^?g transition''^. The spectrum and the magnetic 
moment 5.40 B.M. support an octahedral geometry for the Fe(II) ion. 
The Poff value of 4.49 B.M. for Co(II) complex is indicative of a high 
spin octahedral geometry for the ion"''. Two bands of medium intensity 
observed at 9652 and 18122 cm ' comespond to %g(F) <- ^TuXF) and%g(F) < "TujlF) 
transitions, respectively"*^. These bands together with the magnetic moment 
are attributable to an octahedral environment around the Co(II) ion. 
According to the literature data, the principal feature of octahedral 
nickel(II) complexes is the presence of three well-defined bands''^. The 
universally accepted ground term for octahedral Ni(II) ions is ^A2g(F). We 
have also obsen/ed three weak intensity bands at 9008, 15402 and 22560 cm ' 
corresponding to ^A2g(F) to ^T2g(F), ^Tig(F) and ^Tig(P) transitions, 
respectively. The magnetic moment value 2.94 B.M. further supports an 
octahedral environment around the Ni(II) ion''^. 
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Generally the octahedral Cu(II) complexes exhibit three transitions in 
the UV-range with poor resolution. However, we have observed only two d-d 
transitions'*^. A small unresolved peak was obtained at 11123 cm'^ and a 
pronounced band at 15423 cm"\ These may be assigned to ^Aig«- ^Big and ^Eg«- ^Big 
transitions, respectively. The magnetic moment 1.87 B.M.)fits well in the 
region 1.73 to 2.20 B.M. reported for the octahedral Cu(II) complexes'*^. 
Thermal Analysis (TGA/DSC) 
The weight loss corresponding to different stages of pyrolysis were 
calculated and compared with those of the expelled groups. The thermogram 
of the ligand consists of two well-defined stages. The first decomposition 
stage starts at 140 °C and continues until 320 °C corresponding to the 
degradation of four peripheral phenyl groups constituting about 55 % of the 
total weight loss (calcd. 54.9 % ) . The initial decomposition of the exocyclic 
rings is a common behaviour encountered in such complexes^". Since the 
decomposition started above 140 °C, the presence of any solvent or water 
molecule may be ruled out which is also evident from the elemental 
analysis^\ The second step runs over 320-600 °C and is consistent with the 
degradation of the remaining part of the molecule. Above 600 °C the TGA 
curve shows no change even when the temperature was raised to 850 °C. 
The DSC plot exhibits well-defined endothermic and exothermic peaks. The 
first transition is a sharp endotherm while the second step is exothermic in 
nature. However, a small exothermic hump is obtained in the case of 
complexes owing to the conversion of metal to its elemental form^^. 
— _ 
Electrochemical Behaviour 
The electrochemical behaviour of the complexes particularly with 
tetraaza ligands has been studied in order to examine the spectral and 
structural changes associated with electron transfer processes^^. In the 
present work, the Cu(II) complex has been studied by cyclic voltammetry in 
the range +1.5 to -1.5 V with a scan rate of 50 mV/s. The typical quasi-
reversible one-electron transfer wave (Fig. 1) is governed by the equation: 
Cu(II)(bdta)Cl2 + e" o Cu(I)(bdta)Cl2 
The voltammogram in the cathodic region displays peak for Cu(II) -> Cu(I) at 
Epc = 0.640 V while for the anode it was located at Epa = 0.715 V. However, 
the region -1 .5 to 0.0 V exhibits peaks due to Cu(I) -> Cu(II) at Epc = - 0.600 
V and Epa = - 0.500 V corresponding to cathodic and anodic potentials, 
respectively^"*. The ratio of cathodic peak current versus anodic peak current 
is close to unity (Ipc/Ipa = 0.886) implying that the quasi-reversible one-
electron transfer process is controlled by diffusion. 
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Fig. 1. Cyclic voltammogram of the complex [Cu(bdta)]Cl2 
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Table I I . Cardinal IR bands and their assignment. 
Complex 
bdta 
Mn(bdta)Cl2 
Fe(bdta)Cl2 
Co(bdta)Cl2 
Ni(bdta)Cl2 
Cu(bdta)Cl2 
Zn(bdta)Cl2 
Cd(bdta)a2 
Hg(bdta)Cl2 
v(NH) 
3287s 
3293s 
3293s 
3287s 
3287s 
3287s 
3293s 
3287s 
3287s 
v(CH2) 
2940 m 
2940 m 
2940 m 
2940 m 
2940 m 
2940 m 
2940 m 
2940 m 
2940 m 
v(C=N) 
1640 s 
1620 s 
1618s 
1623 s 
1624 s 
1627 s 
1618 s 
1622 s 
1627 s 
v(M-N) 
-
448 m 
424 m 
432 m 
418 m 
424 m 
436 s 
432 m 
424 m 
v(M-CI) 
-
341 s 
342 s 
344 s 
346 s 
328 s 
331 s 
339 s 
324 s 
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CHAPTER -III 
POLYNUCLEAR TRANSITION METAL 
COMPLEXES WITH 
THIOCARBOHYDRAZIDE AND 
DITHIOCARBAMATES 
POLYNUCLEAR TRANSITION METAL COMPLEXES WITH 
THIOCARBOHYDRAZIDE AND DITHIOCARBAMATES 
INTRODUCTION 
There is currently a renewed interest in tine coordination chemistry of 
polynuclear complexes due to their extensive applications in catalysis, 
magnetic and optical materials as well as their role in bioinorganic 
chemistry^"^. Studies on structural, spectroscopic and magnetic properties of 
polynuclear transition metal complexes are currently popular due to the 
interest in understanding the structural and chemical factors governing the 
electronic exchange coupling mediated by bridging ligands, in designing of 
new molecular based materials and in investigating the role of polymetallic 
active sites in biological processes-^ "'*. 
Modulated macrocyde posessing O and N donor atoms 
One of the best strategies in the design and preparation of such 
systems is the use of mononuclear complexes as ligand; that is metal 
complexes containing potential donor groups or another metal lon^ ^ 
The rational synthesis of multimetallic systems with predetermined 
nucleanties and topologies of the metallic centers as well as with tunable 
distances between metallic ions is an important goal in modern coordination 
chemistry^. The larger the number of metallic centers the wider the variety of 
possible topologies^". Also the synthesis of tailored molecules for the 
recognition of chemical species is producing diverse class of macrocyclic and 
macropolycyclic structures'^ 
Tailored macrocyclic system where M = Mn(II), Fe(II)/(III), Co(II), 
Ni(II), Cu(II), Zn(II), Ru(II) and Rh(II). 
Heteropolynuclear complexes are of considerable interest because of 
their wide range of potential applications from q-bits in quantum computers 
to synthetic models of the active sites of the enzymes'^ The two mam trends 
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in the field of their synthesis are the 'synthesis by design' and 'sereriHFpitous 
assennbly'. The former involves the synthesis of complicated organic ligands 
that will force or drive the formation of the desired product^^. The latter 
approach lacks control over the final product, but it has proven to be much 
more successful in the synthesis of high nuclearity complexes with 
interesting properties^''. 
The preparation of binuclear complexes can be approached from two 
different directions. They may be formed through the aggregation of two 
metal centers with bridging and capping ligands and taking into account the 
geometric preferences of the metal ions, binuclear arrays may be designed 
and synthesized in which one two or three groups bridge the metal ions^^. A 
second route involves the use of preformed ligands, "Binucleating ligands" 
that are capable of simultaneously binding two metal centers. This synthetic 
strategy has an obvious advantage over the self-assembly route in that it 
offers greater control over the products, which form^^. There are also 
examples when the binucleating ligands consist of large macrocydic systems 
incorporating two potential metal-ion binding subunits within a single ring 
structure^^. However, the complexes where the two metal ions are linked by 
single binucleating ligand are scarce^^. The metal-metal separation in these 
complexes can be tuned through the introduction of endogenous or 
exogenous bridging groups^^. 
Dithiocarbamates (dtc) are versatile ligands capable of forming 
complexes with all the transition elements and are able to stabilize most in a 
range of oxidation states^". Considerable interest has been focused on 
_ 
dithiocarbamates since they have a wide range of applications in material 
science, nnedicine and agriculture^^"". They exhibit a broad spectrum of 
biological activities as bactericidal, fungicidal and anti-tumoraP"'^^. Recently 
they are known as arresters of human immunodeficiency virus infections 
such as AIDS^''. They are being effectively used in the treatment of Wilson's 
disease and as an antidote for cadmium poisoning^^. Dithiocarbamates show 
inhibitory action against brassinin detoxification by phytopathogenic fungus 
Leptosphaeria maculans^^. Interest in the dithiocarbamate complexes of 
tin(IV) species arises because of their varied structure and biological 
activities-'". On the basis of crystallographic studies of the dtc complexes of 
tin(IV), a variety of coordination environments around the central tin atom 
ranging from tetrahedral to distorted octahedral have been reported^\ 
Dithiocarbamate derivatives of tin are considered the most promising 
species as analogous compounds have been effectively used in the area of 
metal chalcogenide deposition^^ The coordination chemistry of strong 
covalent organometallic comounds containing a group IV metal bridging two 
transition metal moieties was first explored by Hein and coworkers^^ 
Thiocarbohydrazide (tch) constitute an important class of N, S donor 
ligands possessing interesting chemical, biological and medicinal properties^''"^^ 
These systems contain N-C-N structural units and form open chain as well as 
chelate rings giving rise to mononuclear and polynudear complexes of 
varying strength and complexity-'^. 
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Mononuclear and polynuclear connplexes bearing N-C-N linkages 
The broad pharmacological activity of these species seems to be 
dependent on the size of the cavity formed by chelation^^. In the present 
chapter, thiocarbohydrazide bridged trinuclear metal complexes and their 
reaction with dithiocarbamates has been reported. They have been 
characterized by spectral and thermal properties besides their antibacterial 
activity. The insertion of tin(IV) at a central position in the complexes offers 
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an opportunity to explore the variation in nnagnetic nnonnent of transition 
nnetal ions in presence of a non-transition metal. I t also aims to explore the 
effect of the increase in coordination number of terminal transition metal ions 
from four to six coordinate. 
EXPERIMENTAL 
Hydrated metal chlorides (Merck), Hydrazine hydrate, Carbon disulfide 
(s. d. fine), Stannic chloride anhydrous (Loba Chemie) and Sodium diethyl-
dithiocarbamate (BDH) were used as received. Methanol was distilled prior to 
use. Elemental analyses (C, H, N and S) were carried out with a Carlo Erba 
EA-1108 analyzer. The metal contents were estimated by complexometric 
titration^^. IR spectra (4000-400 cm ') were recorded on a RXI FT-IR 
spectrometer as KBr disc while the 600-200 cm"^ range was scanned with Csl 
on a Nexus FT-IR Thermo Nicolet spectrometer. EPR spectra of copper 
complexes were recorded on a RE-2X Jeol EPR, spectrometer fitted with 100 
KHz field modulation. The electronic spectra were recorded on a Cintra 5GBC 
spectrophotometer in DMSO. The NMR spectra were recorded on a DPX-300 
spectrometer in DMSO at room temperature. The conductivity measurements 
were carried out on a CM-82T Elico conductivity bridge in DMSO. Magnetic 
susceptibility measurements were done with a 155 Allied Research vibrating 
sample magnetometer at room temperature. TGA was performed with a 
Perl<in-Elmer (Pyris Diamond) thermal analyzer under nitrogen atmosphere 
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using alumina powder as reference. The weight of the sample was between 8 
to 12 mg and the heating rate was maintained at 10 °C/min. 
Synthesis of thiocarbohydrazide (Hztch) 
To a vigorously stirred solution of 99% hydrazine hydrate (400 mmol, 
20.0 mL) was dropwise added neat carbon disulfide (80 mmol, 7.8 mL) in an 
ice bath. After refluxing this mixture for twenty-five minutes it was cooled to 
0 °C to obtain a yellow crystalline product. The product was filtered and 
washed several times with ethanol, chilled diethyl ether and dried in vacuo. 
Synthesis of Sn(tch)2 
To a hot methanolic solution (20 mL) of H2tch (8 mmol, 0.85 g) was 
added 99 % SnCU (4 mmol, 5 mL) solution in CCU and the mixture was 
refluxed for three hours till it became homogeneous. A few drops of 
triethylamine were then added to cause precipitation and the refluxing was 
continued for additional two hours. It was filtered as a light-yellow solid (Fig. 1), 
washed with methanol and dried in vacuo. 
Synthesis of Sn(tch)2{MCl2}2 
To a well stirred solution of Sn(tch)2 (2 mmol) in methanol (15 mL) 
was added 10 mL solution of metal dichloride (4 mmol) in the same solvent. 
This resulted in an immediate precipitation of the complexes (Fig. 2). 
However, in a few cases refluxing was also carried out in order to ensure 
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IR Spectra 
Unlike thiosemicarbazone, the thiocarbohydrazide and its connplexes 
do not exhibit keto-eno! tautomerism'*", which is evidenced by the absence of 
absorption bands in 2600-2800 cm"' region (Fig. 4). There are five donor 
sites nevertheless the tch acts as a bidentate ligand. On moving from free tch 
to Sn(tch)2 the v(N-H) is blue shifted (Table II). This band was further 
lowered in Sn(tch)2{MCl2}2 suggesting the formation of M-N bond. Since the 
v(C=S) of tch remains unaltered it is ascertained that it does not bind the 
metal ion''\ 
After treatment of Sn(tch)2[MCl2] with (C2H5)2NCS2Na, Sn(tch)2 {M2(dtc)4} 
was obtained (Fig. 3). It exhibits single sharp v(C=S) band in 995±6 cm ^ 
range, which is due to symmetrically bound dithiocarbamato moiety, 
although the same band splits when it behaves as a monodentate ligand''^. 
However, the band near 1500 cm"^ is a characteristic of NCS2 and exhibits 
partial double bond character in the S2C ii i i i* NR2 bond. This may be due to 
the delocalization of electron cloud over the S2CNR2 region leading to the 
following possible resonating structures'^^ 
R2N C -« >• R,N C ^ ^^ R,N C ( - ^ • R^N C 
We have observed a strong band at 1495 cm"' that is intermediate 
between v(C-N) and v(C=N) indicating a partial double bond character. 
Moreover, the v(C " i " - N) seems to be insensitive to the nature of the metal''''. 
The region 350-500 cm'^ is quite crucial in elucidating the metal 
coordination. A band of nnedium intensity was observed at 472 cm"^  
corresponding to v(Sn-N) and is shifted appreciably by 10-20 cm'^ in the 
complexes''^ This bathochromic shift implies a partial drift of electrons due to 
the coordination with the metal centers. Also, the spectrum depicts medium 
intensity bands occurring in the far-IR region consistent with the M-S 
stretching frequency"*^. The v(M-S) depends on the nature of the metal ion 
and the substituents attached to the sulfur. We have observed medium 
intensity v(M-S) in the 408-364 cm'^ range, which is in agreement with the 
observations made by other workers'*''. 
Electronic Spectra and Magnetic /foments 
Generally, the high-spin tetrahedral Mn(II) complexes exhibit spin-
forbidden transitions unlike their octahedral analogs which show both spin-
forbidden as well as parity-forbidden bands'*^. This accounts for the extreme 
pale colour in case of octahedral complex. The pale yellow colour of the 
Sn{tch)2{MnCl2}2 in DMSO shows a solitary d-d band at 16680 cm"^ assigned 
to ''Ti *- ^Ai transition. It also exhibits a broad strong charge transfer band 
centered at 35450 cm"\ The magnetic moment of 5.77 B.M. is in proximity 
with the calculated spin-only value of 5.9 B.M. indicating a high spin 
tetrahedral arrangement of Mn(II) ion. 
However, the Sn(tch)2{Mn2dtC4} displays three weak intensity bands 
at 28140, 21520 and 15490 cm'^ which have been assigned to ''Tig(P) <- % g ; 
^T2g(G) *- ^Aig and ''Tig(G) ^ %g transitions, respectively^^ A slightly low 
— — — — 
magnetic moment (5.69 B.M.) might be due to deviation from regular 
octahedral geometry. Thus the ligand field bands and magnetic moment 
value support a distorted octahedral geometry for Mn(II) in Sn(tch)2{Mn2dtC4} 
complex^". The ligand field parameters were calculated from Orgel energy 
level diagram using V2/V1 ratio. A low value of p (Bcomp/Bfree-ion) may be 
attributed to the low covalent character of metal ligand bond (Table III). 
All the tetrahedral Fe(II) complexes are high-spin and display only one 
spin allowed d-d absorption. A strong band at 23474 cm"^ was observed in 
the case of Sn(tch)2{FeCl2}2 corresponding to ''E < 'T2 transition. The 
magnetic moment value was found to be 5.35 B.M. corresponding to four 
unpaired electrons. These observations are consistent with the tetrahedral 
nature^^ of Fe(II) in Sn(tch)2{FeCl2}2- However, in case of Sn(tch)2{Fe2dtC4} 
a broad band centered at 19200 cm'^ is observed attributing to E^g <- T^zg 
transition. A low magnetic moment value (2.22 B.M.) obtained in the present 
case may be due the low spin-high spin cross over phenomenon, which is 
quite common in dithiocarbamato complexes^^. 
Generally, the intense blue tetrahedral Co(II) complexes exhibit four 
d-d bands akin to pale red/purple Co(II) octahedral complexes. But 
generally, two transitions are observed in each case^^ Two strong bands at 
12658 and 18182 cm"^  corresponding to 'T2(F) — ^ ( F ) and 'Ti(F) - %(F) 
transitions are characteristic of tetrahedral Co(II) ion. However, in the case 
of Sn(tch)2{C02dtC4}, we observed bands at 24540 and 17480 cm"^  
corresponding to ''Tig(P) *- ''Tig(F) and ''T2g(F) *- ''Tig(F) transitions, 
respectively. These bands are consistent with spin allowed d-d transition for 
an octahedral Co(II) ion. The magnetic moment value of 4.38 and 4.66 B.M. 
further establishes the proposed tetrahedral and octahedral geometry for 
Sn(tch)2{CoCl2}? and Sn(tch)2{C02dtC4} complexes, respectively^''. 
The tetrahedral Ni(II) complexes exhibit strong bands as compared to 
their octahedral counterparts. The Sn(tch)2{NiCl2}2 shows two bands at 9200 
and 15460 cm'^ corresponding to %(F) <- ^ i (F ) and -^iCP) <- ^Ti(F) transitions, 
respectively. The low magnetic moment (3.38 B.M.) in this case might be 
due to the deviation from regular tetrahedral field^^. 
The Sn(tch)2{Ni2dtC4} complex gives a room temperature magnetic 
moment of 3.31 B.M. which is in the range observed for octahedral 
complexes (2.9-3.3 B.M.)^^. Three well resolved d-d bands are observed at 
12445, 15860 and 20980 cm"^ corresponding to %g ^ ^A2g, ^ig(F) ^ A^2g and 
^Tig(P) <- A^2g transitions respectively, besides two strong charge transfer 
bands at 29490 and 30280 cm ^ An octahedral geometry for the Ni(II) ion is 
therefore, proposed". The Racah parameters (B and p) obtained in the 
present case indicate a considerable covalent character of the metal ligand 
bond (Table I I I ) . 
The electronic spectrum of Sn(tch)2{CuCl2}2 shows two bands at 
12150 and 17933 cm"' assigned to E <- B, and A, <- B, transitions, 
^ g Ig Ig Ig ' 
respectively which is interpreted in terms of a square-planar geometry^®. The 
absence of any band below 10000 cm"' rules out the possibility of a 
tetrahedral or pseudo-tetrahedral environment for the complex Cu(II) ion^^. 
The Sn(tch)2{Cu2dtC4} consists of a broad, low intensity band centered at 
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13890 and a shoulder at 18320 c m " \ The ^Eg and T^zg states of the 
octahedral Cu(II) ion split under the influence of the tetragonal distortion 
causing three transitions, B^  <- B, , E ^ B, and A. <- B, in an 
^ ' 2g i g ' g ig Ig ig 
unresolved fashion^". These assignnnents are in agreement with the general 
observation that Cu(II) d-d transitions are normally close in energy^\ A 
moderately intense peak observed at 23040 cm~^ may be due to the ligand-
metal charge transfer^^. The magnetic moment of 1.97 B.M. also falls within 
the range normally observed for octahedral Cu(II) complexes further 
supporting an octahedral environment around the Cu(II) ion. 
ERR Spectra 
The 300 K EPR spectra of the powdered Sn(tch)2{CuCl2}2 and 
Sn(tch)2{Cu2dtC4> exhibit gn and gi regions but do not reveal the nitrogen 
coupling. The spectrum is typically axial with d^^ -y^  as the ground state. Since 
the spectrum was recorded at room temperature, hyperfine splitting was not 
observed which is diagnostic of the number of nitrogen atoms coordinated to 
the Cu(II) ion. The absence of any signal around 1600 ± 100 G for 
Sn(tch)2{CuCl2}2 and Sn(tch)2{Cu2dtC4} complexes are indicative of zero 
exchange interaction between the two peripheral Cu(II) atoms. This implies 
that the bridging thiocarbohydrazide moiety does not transfer any coupling 
between the two Cu(n) ions". The epr parameters (gn = 2.28 and gx = 2.06) 
obtained in the case of Sn(tch)2{CuCl2}2 are in close agreement with a cubic 
ligand field in square planar complexes^"* which is also corroborated from 
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their UV-Vis. data. However, the epr spectrum of Sn(tch)2{Cu2cltC4} gave 
signals corresponding to gp = 2.18 and gx = 2.14, consistent with an axiaiiy 
elongated geometry with gji > gi > 2.06, suggesting that the unpaired 
electron probably resides in the dx .^y^ orbital^^. Moreover, the broadening and 
splitting of the g i may be due to the overlap of gn and gi components 
confirming a lowered site symmetry^^. Thus, the epr data supports a 
distorted octahedral geometry for Sn(tch)2{Cu2dtC4}^^ 
^HNMR Spectra 
The ^HNMR spectrum of Sn(tch)2 in DMSO exhibits two peaks at 5 8.59 
and 8.92 corresponding to NHa and NHb protons respectively (Fig. I ) . The 
downfield shift in the NHb proton might be due to the coordination with the 
Sn-atom^^. These peaks are further lowered in the halide complexes, 
Sn(tch)?{MCl2}2 indicating a partial drift of electrons towards the peripheral 
metal ions (Table IV). 
However, the dithiocarbamato complexes show two more signals in 
addition to peaks for NHa and NHb protons. A quartet in 3.44-3.58 ppm range 
was observed for the methylene protons while the methyl protons were found 
to resonate as triplet in 0.98-1.09 ppm range^^. 
Thermal Studies 
The mass losses, temperature ranges and final decomposition product 
for the complexes are presented in Table V. The TGA curve of the 
mononuclear complex, Sn(tch)2 shows two major breaks. The first 
thermolytic break of Sn(tch)2 ranges between 170-198 °C corresponding to 
the liberation of two N2 molecules contributing to 17.14 % weight loss (calcd. 
17.01 % ) . However, the second stage between 200 and 490 °C is consistent 
with the decomposition of the total organic moiety leaving behind tin as the 
end product''". These findings are consistent with the DSC curves of Sn(tch)2 
which exhibits peaks at 180, 280 and 465 °C and a small hump at 640 °C. 
The first peak is sharp and endothermic in nature implying that the loss of N2 
is an endothermic process. The degradation of organic moiety exhibits a two-
peak composite pattern; a sharp endothermic peak at 280 °C and a broad 
exothermic hump centered at 465 °C. However, the small exotherm observed 
at 640 °C may be due to the formation of elemental t in. 
The TGA profile of the trinuclear complexes Sn(tch)2{MCl2>2 is 
relatively simple and consists of three discreet stages. The first 
decomposition step corresponds to the loss of two N2 molecules in the 
temperature range 45-170 °C (Table V). The second stage is ascribed to a 
weight loss of about 40 % of the total weight of the complex corresponding 
to the decomposition of remaining organic moiety {C2H8N4CI4}. The third 
stage is attributable to the formation of elemental tin in 395-650 °C range, 
which accounts for 20 % weight loss. Metal sulfides are obtained as end 
product in all the cases''^ The TGA results are in close accord with the DSC 
curves. A sharp endotherm observed at 92 °C is attributable to the liberation 
of two N2 molecules whereas a strong exothermic peak observed at 250 °C 
may be suggested due to the degradation of organic moiety. A strong hump 
centered at 585 °C can be corroborated to the formation of elemental tin. 
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Moreover there is no well-defined exothernn or endotherm for the formation 
of metal sulfide. 
The thermograms illustrate that the decomposition of 
Sn(tch)2{M2dtC4} is in good agreement with the general pyrolysis pattern of 
metal dithiocarbamato complexes. Generally, the metal dithiocarbamates on 
pyrolysis volatilize leaving some residue or decompose to the corresponding 
metal sulf ide". In the present study, the first stage of decomposition is due 
to the liberation of eight ethene, six hydrogen and two Nj molecules 
contributing to about 29 % of the total weight loss. The pyrolysis begins at 
50 °C and continues upto 190 °C. This is a common feature of the 
dithiocarbamates^^. The second stage ranging from 220-390 °C is consistent 
with the degradation of remaining organic moiety {C6H4N8S8}. The DSC 
curves of the complexes depict typical endotherms, characteristic of 
liberation of ethene, hydrogen and N2 molecules. A sharp exothermic peak 
obtained at 278 °C, is associated with the loss of remaining fraction of 
organic moiety. A broad exothermic hump at 480 °C, is attributable to the 
formation of elemental tin while there is no distinct peak or hump for the last 
process of formation of metal sulfide. 
Antibacterial Activity 
Tin complexes as well as dithiocarbamato ligands are known for their 
biological interest as antifungal, antibacterial and biocidal agents. Therefore 
the coordination of tin with dithiocarbamates would enhance such biological 
aspects. In order to investigate the antibacterial activity of the Sn(tch)2 and 
_ _ ^ __ 
Sn(tch)2{M2dtC4} complexes the experiments using disc diffusion technique 
were carried out'"'. The zone of inhibition (mm) was measured against the 
bacterial strains E. coli and S. typhi. 
The compounds were dissolved in DMSO and the concentration was 
kept in between 0.2 - 0.9 mg/cm^. Whatman Filter Paper No. 1 discs of 5 mm 
diameter were dipped in the test solution. They were then placed over the 
petri plates previously seeded with the test organisms and incubated at 37 °C for 
five hours. The compounds during this span of time diffuse on the plates thus 
preventing the growth of bacteria in the discs around a specific zone. DMSO 
was used as a control. It is visible from the results that the compounds 
containing the dithiocarbamato moiety inhibit the growth of bacteria to a 
greater extent as compared to the mononuclear Sn(tch)2 and the control 
(Fig. 5) due the combined effect of metal ion and dithiocarbamato moiety on 
the normal cell process. 
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CHAPTER - IV 
HOMODINUCLEAR TRANSITION METAL 
DITHIOCARBAMATES: A TAILORED 
PIPERAZINATO MACROCYCLE 
HOMODINUCLEAR TRANSITION METAL 
DITHIOCARBAMATES: A TAILORED PIPERAZINATO 
MACROCYCLE 
I N T R O D U C T I O N 
The ability to control the construction of coordination supramolecular 
arrays based on covalent interactions or hydrogen bonding has been a major 
focus of research efforts in recent years for the rationale design of functional 
materials^ Journaux et al. have recently^ indicated that the pathways used 
to obtain these species are based, essentially, on the following synthetic 
procedures: (i) the self-assembly method, (ii) the use of polynucleating 
ligands, and (iii) the use of complexes as ligands. Based on these principles a 
large variety of supramolecular structures have been reported^. However, the 
metal directed self-assembly of polydentate ligands provides a facile route to 
novel supramolecular structures based on the metal coordinate interactions'*. 
Through imaginative multidentate ligand design and judicious choice of the 
metal ion, a novel range of polymetallic inorganic assemblies including 
helicates, cages, ladders, racks, grids and tubes have been constructed^. 
These frameworks can also act as receptors to detect anions in solutions'". 
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The dithiocarbamato (dtc) moiety has proved as a useful structural 
motif lending itself to the metal directed assembly of a range of structures 
like nanosized resorcarene based assemblies, catenanes, cryptands etc^ 
Metal directed self-assembly presents several advantages over conventional 
synthesis. For instance only a few basic subunits can be assembled in just 
one or a few steps to evolve unprecedented structures^. 
H.Cx 
II 
N N 
H,C 
N N-
H.C^ 
N / i N- - N = C s 
-N- • N = ^ c ; 
/CH, 
CHn 
CH, 
Template condensation product of acetylacetone, hydrazine and 
carbondisulfide 
M 
M 
Metal directed self assembly of dinuclear macrocycles where M 
Zn(II) , Ni(II) and Cu(II) 
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Transition metal Ions provide a range of coordination geometries, 
binding strengths and redox properties, which can be exploited in self-
assembly processes. In addition, the redox active dithlocarbamate, 
Incorporated in a macrocycllc system, also serves as a host for an 
electrochemical sensor^. 
Self assembled Cu(II) dithlocarbamate macrocycle for 
electrochemical anion recognition 
The dtc group coordinates to the metal ion through two sulfur atoms 
leading to the formation of a four membered chelate ring. The small bite 
angle (~2.8 - 2.9 A) of the dtc is appropriate for stabllzation of a range of 
oxidation states of various metal ions^°. Transition metal dithiocarbamates 
are extensively studied due to their numerous industrial and biological 
appllcations^'"^^. They are used as vulcanizers, higher pressure lubricating 
agents, fungicides, pesticides, antialkylating agents, antioxidants, spin 
trapping agents, as well as effective anti-HIV agents^^'^''. Water-soluble 
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dialkyldithiocarbamate complexes are known to have been tested in various 
medical applications^^. 
Piperazine (Happz) is a cyclic diene, possessing a non-planar six-
membered ring with two basic nitrogen atoms in 1 and 4 positions^^. It exists 
in two readily interconvertible confirmations. Of the chair and boat 
conformations, the chair form is thermodynamically more favourable since it 
is 17.2 kJ/mol stable than the boat form'' ' . The boat form gives mononuclear 
whereas the chair form gives dinuclear complexes with no exogenous 
bridging for trans-N,f\J' coordination'^''^. 
H3C N 
CI.. 
H 
^ Pt 
II 
\ CI ^N CH 
Mononuclear Pt(II) complex where the piperazine moiety exists in the 
favored chair conformation 
Piperazine and its derivatives are found to possess broad 
pharmacological action on central nervous system especially on dopaminergic 
neurotransmission^". These pharmacophores can be found in many important 
drugs like HIV-protease inhibitor crivixan^'. Its hydrogen bond accepting, 
together with its metal complexing capabilities, makes it an interesting 
moiety for supramolecular complex chemistry^^. Experimental evidence has 
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shown that small open-chain H2PPZ ligands can form mono" and dinuclear^'' ^^  
metal complexes or even bigger multinuclear metal systems^^"^^. 
® 
Rii 
Multinuclear complexes based on a piperazine-derived dithiocarbamate 
This chapter describes the synthesis and spectroscopic characterization 
of piperazine based pivoted transition metal dithiocarbamates. Here, 
piperazine moiety is employed as a building block to obtain an interesting 
supramolecular closed loop structure. A symmetrical bidentate coordination 
of the dithiocarbamate group has been observed in the homodinuclear 
complexes thereby obtained, as is evident from their IR data. 
EXPERIMENTAL 
Hydrated metal chlorides. Sodium hydroxide (Merck), Diethylene 
triamine, Thionyl chloride. Carbon disulfide (s. d. fine) and Piperazine 
hexahydrate (Loba Chemie) were used as received. Methanol was distilled 
prior to use. Elemental analyses (C, H, N and S) were carried out with a 
Carlo Erba EA-1108 analyzer. The metal contents were estimated by 
complexometric titration^". IR spectra (4000-400 cm ^) were recorded on a 
RXI FT-IR spectrometer as KBr disc while the 600-200 cm"^ range was 
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scanned with Csl on a Nexus FT-IR Thermo Nicolet. The Electronic spectra 
were recorded on a Cintra 5GBC spectrophotometer in DIMSO. The NI^R 
spectra were recorded on a DPX-300 spectrometer in DMSO at room 
temperature. The conductivity measurements were carried out on a CI^-82T 
Elico conductivity bridge in DI^SO. (Magnetic susceptibility measurements 
were done with a 155 Allied Research vibrating sample magnetometer at 
room temperature. TGA was performed with a Perkin-Elmer (Pyris Diamond) 
thermal analyzer under nitrogen atmosphere using alumina powder as 
reference. The weight of the sample was kept between 8 to 12 mg and the 
heating rate was maintained at 10 °C/min. The FAB mass spectra were 
recorded on a JEOL SX 102/Da-6000 Mass Spectrometer/Data System using 
Argon/Xenon (6kV, 10mA) as the FAB gas. The accelerating voltage was 10 
kV and the spectra were recorded at room temperature. M-NitrobenzoyI 
alcohol (NBA) was used as the matrix. 
Synthesis of 2f2'-Diamino-2f2'-dichlorodiethylamine (L^) 
Neat thionylchloride (10 mmol, 0.73 mL) was dropwise added to a 
methanolic solution of diethylenetriamine (5 mmol, 0.56 mL) on an ice bath. 
The reaction mixture was stirred for two hours and then slowly brought to 
room temperature. I t was then refluxed on a water bath for about an hour, 
which affords a whitish pink precipitate under reflux. I t was then cooled, 
filtered, washed with methanol and dried in vacuo over P2O5 (Fig. 1). 
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Synthesis of Disodium bis(2,2'dithiopiperazinato-2,2'-(liam'modiethyl 
amine) Na2L^ 
To a stirred methanolic solution (20 mL) of L^  (1 mmol, 0.10 g), 
piperazine hexahydrate solution (2 mmol, 0 39 g) in the same solvent (20 mL), 
was added dropwise with continuous stirring and then refluxed for about two 
hours. The mixture was cooled to -5 °C followed by addition of carbon 
disulfide (2 mmol, 0.12 mL) and NaOH (2 mmol, 0.08 g) dissolved in 
aqueous methanol to afford a light green precipitate. The compound was 
filtered, washed with methanol and dried in vacuo over P2O5 (Fig. 2). 
Synthesis of complexes MzCL^)! 
The metal complexes are conveniently obtained by the substitution 
reaction of NaaL^  (2 mmol, 0.93 g) with MCI2.XH2O (2 mmol) in equimolar 
ratios in methanol. 
RESULTS AND DISCUSSION 
The metal dithiocarbamato complexes, M2(L )^2 were conveniently 
obtained in high yields by substitution reaction of sodium salt of 
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functionalized secondary amine with hydrated transition metal halides in 
methanolic media (Fig 3). 
2 NaaL' + 2 MCI2 • M2(L )^2 + 4 NaCI 
where M = Mn(II), Fe(II), Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II) 
Elemental analysis, TGA/DSC, ^HNMR, FAB mass spectrometry, UV-
Visible and IR spectroscopy were used to characterize the complexes. The 
amorphous complexes are soluble in DMSO and DMF only. The conductivity 
measurement (10 ^ M) in DMSO indicated them to be non-electrolytes^^ 
(Table I). 
IR Spectra 
The chair and boat conformation of piperazine can be well 
characterized by IR spectroscopy. A slight shift is observed in complexes for 
the skeletal vibrational modes with respect to those of the free ligand, 
consistent with only a slight distortion of the favoured chair conformation^^ 
The region 1000±70 cm ^ is quite diagnostic in elucidating the denticity of 
dithiocarbamato moiety. A single sharp band implies a symmetrical bidentate 
coordination while splitting of the same band into a doublet may be 
attributed to the monodentate unsymmetrical nature of the dithiocarbamato 
group" (Table II). A single sharp band for v(C=S) indicative of a four 
membered chelating bidentate dithiocarbamate has been obsen/ed^. The 
thioureide band v(C-^"N) is observed around 1488-1450 cm ^ which is 
intermediate between v(C-N) and v(C=N) due to the delocalization of 
electrons. The v(C'"--N) of the ligand and its complexes under consideration 
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occur at lower wavenumber than their corresponding diethyl and dinaethyl 
derivatives^^ This behavior may be due to the rigid heterocyclic ring system 
of piperazme molecule, which has a low tendency to release electrons to the 
carbon-nitrogen bond thereby decreasing its double bond character. 
Some medium to weak intensity bands are observed in the far ir 
region^^. Since the increase in C-N bond increases the M-S bond strength, a 
relative trend is observed in the v(M-S) for the metal complexes. However, 
we have observed medium to weak intensity bands in the region (378-414 cm ^), 
which might be due to M-S stretching frequencies although there is no 
definite pattern-'^. 
Electronic Spectra and Magnetic Moments 
The electronic spectral data along with room temperature magnetic 
moment is presented in Table I I I . The absorption spectra of all the 
complexes in DMSO have similar pattern in 220-390 nm regions and exhibit 
two strong bands, possibly due to intra ligand and charge transfer 
transitions^^. Due to d;r-p7r mixing, it is not easy to differentiate between 
ligand field and charge transfer bands. The exact interpretation of the spectra 
of tetrahedral complexes is therefore difficult. 
The Mn2(L )^2 complex exhibits spin-forbidden bands unlike its 
octahedral comp\exes which show both spin forbidden as well as parity 
forbidden transitions. Two strong broad bands are observed at 20640 and 
22430 cm'^ corresponding to ''Ti(G) <- ^Ai and "^ AiCG) ^ % transitions, 
respectively. The magnetic moment (5.77 B.M.) is in proximity with the 
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calculated spin-only value of 5.9 B.M. indicative of a high-spin tetrahedral 
arrangement around the Mn(II) ion^^. 
The tetrahedral high-spin Fe(II) complex, Fe2(L^)2 shows one spin 
allowed d-d band at 23529 cm"^ corresponding to ^E *- T^2 transition. The 
magnetic moment for such complexes (5.0-5.5 B.M.) corresponds to four 
unpaired electrons and we have obtained a value of 5.32 B.M., which is 
consistent with the tetrahedral nature of Fe(II) ion''". 
The electronic spectrum of €02(1^)2 displays two strong well separated 
d-d bands at 11380 and 17460 cm'^ corresponding to "TiCF) <-- % ( F ) and 
'^ TiCP) <— ' 'A2(F) transitions respectively, characteristic of a tetrahedral 
environment around Co(II) ion''^ The observed magnetic moment (4.52 B.M.) 
which is very close to that found for tetrahedral [CoCU]^", also supports a 
tetrahedral geometry for Co "^^  ion'*^. 
Square-planar complexes of the d^ configuration are spin-paired type. 
For Ni2(L^)2 there is no absorption band below 10000 cm'^ however, two 
bands were observed in the visible region (Table I I I ) . A similar behaviour has 
also been reported for dithiooxamide complexes, which has four Ni-S bonds 
in approximately square-planar fashion''^ On the basis of electronic spectrum 
and magnetic properties, a square-planar geometry has been proposed for 
the Ni2(L^)2 complex. 
The electronic spectrum of Cu2(L^)2 exhibits two well defined d-d 
"? "? 7 7 
absorption bands at 18529 and 14814 cm"^ assigned to A^g«- B^g and Eg ^ B^g 
transitions, respectively. The magnetic moment is 2.13 B.M. consistent with 
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the square-planar configuration. These results are similar to that obtained by 
Belford et al. in case of square-planar acetylacetanato Cu(II) complexes'^'' 
^HNMR 
The NMR spectrum of the ligand, NazL^ in CDCb displays a singlet at 
2.30 ppm due to 8H of four CH2 groups''^ The methylene protons appear at 
2.64 ppm m case of ligand while from 2.66-2.69 ppm in case of complexes''^ 
The imine protons were found to resonate at about 5.82 ppm while the 
ammo protons were observed at 6.24 ppm in case of ligand and its 
complexes'*''. The downfield shift in the ammo protons may be attributed to 
the attachment of piperazmium moiety''^ 
Thermal Analysis (TGA/DSC) 
The thermochemistry of metal dithiocarbamates is extensively 
reported and reviewed'*^. The mass loss data and temperature range of 
various fragments are presented in Table IV. The comparison of the TGA and 
DSC curves implies that the ligand and its complexes are stable upto 165 °C, 
since there were no peak or humps observed in the DSC plots. The absence 
of any thermal change below this temperature indicates that the complex 
restructuring does not occur prior to the initiation of the degradation process^" 
The TGA profile of the ligand consists of two discrete steps while the 
complexes exhibit a three stage pyrolytic pattern. The ligand shows first 
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thermolytic break from 165-255 °C implying the degradation of the CSS group 
and piperazinium moiety^^ The second decomposition runs from 260-400 °C 
resulting In a 20.44 % weight loss consistent with the elimination of 
remaining organic moiety. The TG curves of the complexes show the 
formation of anhydrous specie, as there was no change in the thermogram 
till 172 °C ruling out the possibility of water or any other solvent molecule. 
The first degradation stage stretches from 172-288 °C corroborating well with 
the pyrolysis of C4S6 moiety while the second stage corresponds to the 
degradation of four piperazinium entities. The third stage results in the 
expulsion of the remaining organic moiety leaving behind metal sulfide as an 
end product due to the presence of an inert atmosphere^^. 
Comparison of the TGA and DSC curves leads to the conclusion that 
the plots contain very complicated thermal effects. In the case of ligand the 
first endothermic curve is small and sharp whereas a broad exothermic hump 
centered at 540 °C is obtained in the case of complexes. The broad and 
continuous humps imply slow decomposition leading to volatilization upon 
heating. 
Mass Spectrometry 
The FAB mass spectral data and fragmentation pattern of the ligand 
and its complexes are given under scheme 1 and 2. The mass spectrum of 
disodium bis(2,2'dithiopiperazinato-2,2'-diaminodiethylamine) Na2L^ did not 
show the molecular ion peak. However, the base peak is observed at m/z (152) 
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due to [M-215] fragment. The other fragments at m/z 412(46), 391(72) and 
76(48) are observed for [M-55], [M-76] and [M-391] fragment, respectively. 
Moreover, in case of C02(L^)2 complex the molecular ion peaks are observed 
at m/z 879(72), 583(64), 381(81), and 374(84) corresponding to [M- 82], 
[M-378], [M-580] and [M-587] respectively (Scheme 2). Unlike the ligand 
the base peak in case of C02(L^)2 complex is observed at m/z 187 
corresponding to [C0S4] f ragment" . 
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H2M N 1^2 + SCX32 
H 
a 
\ 
H 
H 
[•m 
a 
Fig. 1. Synthesis of L^  
L 
L ' + 2 H N ( C H 2 ) 4 N H + 2CS2 + 2 N a O H 
2 H C I , - 2 N a C I 
HN N NH 
I " I 
H2C CH2 H2C CH2 
I I I ^ 
H2C CH2 H2C CH-, 
N N 
C C 
SNa S SNa 
Fig. 2. Synthesis of the ligand Na2L^ 
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2 MCl2 ^ 2 NaaL^ 
l-IN N 
II 
H?C CHi 
4 NaCI 
H2C CH2 
\ / 
C 
M 
c 
,N, 
H,C 
IbC 
CH, 
CI I 
HN 
Nil 
H7C CHo 
H2C CH2 
C 
s' s 
c 
N. 
H2C CHi 
H 
N 
II2C CII2 
NH 
Fig. 3. Synthesis of the complexes M2(L^)2 where M - Mn(II), Fe(II), 
Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II). 
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Na 
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259(63) 
2 CSS 
76(100) 
Scheme 1. Fragmentation pattern of the ligand, Na2L^  
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CHAPTER - V 
SYNTHESIS AND 
CHARACTERIZATION OF 
TRANSITION METAL DIPICOLINIC 
ACID DERIVATIVES AND THEIR 
INTERACTIONS WITH DNA in vitro 
SYNTHESIS AND CHARACTERIZATION OF TRANSITION 
METAL DIPICOLINIC ACID DERIVATIVES AND THEIR 
INTERACTIONS WITH DNA in vitro 
I N T R O D U C T I O N 
Pyridine-2,6-dicarboxylic acid or dipicolinic acid (DPA) is l<nown to 
form stable chelates with metal ions and oxometal cations and can display 
widely varying coordination demeanour functioning as a bidentate, 
tridentate, meridian or bridging ligand^"^. DPA can stabilize unusual oxidation 
states and can form bridging hydrogen bonds due to its functional groups'. It 
also plays a very important role in corrosion inhibition and decontamination 
of nuclear reactors. It is a versatile N,0-chelating agent with limited stearic 
hindrance and can further provide possibility to form polymeric complexes 
through bridging coordination of carboxylates under suitable conditions'*. The 
other isomeric pyridinedicarboxylic acids like pyridine 2,3-, 2,4- and 2,5-
dicarboxylic acids behave like picolinic acid and act as chelating bidentate 
N,0-donors, the second carboxylic group remaining idle''. DPA can act as an 
interesting ligand due to its ability to form strong covalent bonds. Also the 
spatial separation of two carboxylate groups attached to the same aromatic 
ring leads to either a polymeric chain or a cyclo-oligomeric ring structure and 
there is a potential influence of nitrogen atom on the coordination mode^. 
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Mc2SnCl2 + 2 NLt3 
Cyclo-oligomeric structure derived from 2,6 Pyridmedicarboxylic acid 
A very important characteristic of these ligands is their diverse 
biological activity^ They are present in many natural products, as an 
oxidative degradation product of vitamins, coenzymes and alkaloids and is 
also an important constituent of fulvic acids. It is known to inhibit the activity 
of the enzyme GA2 (3 hydroxylase, proline hydroxylase^. I t exhibits biological 
functions like activation or mactivation of certain metalloenzymes, inhibition 
of electron transport and LDL oxidation^. DPA complexes of iron are well-
known electron carriers in various biological models and are recognized as 
10 
specific molecular tools for DNA cleavage'". DPA is also an intermediate in 
the tryptophan degradation pathway and is a precursor for NAD' \ 
Transition metal complexes have been the subject of thorough 
investigation because of their extensive applications in wide ranging areas 
from material sciences to biological sciences'^. Metal complexes are well 
known to accelerate the drug action and the efficacy of a therapeutic agent 
can often be enhanced upon coordination with a metal ion'^. The 
pharmacological activity has also been found to be highly dependent on the 
nature of the metal ion and the donor sequence of the ligands as different 
ligands exhibit different biological properties'"'. In recent years, the binding 
studies of transition metal complexes have become an important field in the 
development of DNA molecular probes and chemotherapeutics'^. There is a 
substantial literature supporting the application of artificial DNA cleaving 
agents in biotechnology; structural studies of nucleic acids or development of 
new drugs. Compounds showing the properties of effective binding as well as 
cleaving double stranded DNA under physiological conditions are of much 
importance since these could be used as diagnostic agents in medicinal and 
genomic research. 
Multinuclear metal complexes such as those of iron, cobalt and 
particularly copper have ever been known as hydrolyzing agents for 
phosphodiester backbone of DNA'^. With the recognition of cis-platin as the 
anticancer drug the introduction of metal-based drugs has gained 
Importance. However, the greatest disadvantage of cis-platin and other 
heavy metal based drugs is their toxicity'^. I t will be more appropriate to use 
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biologically soft metal ions and their complexes, reducing the toxic effect and 
enabling faster and efficient removal of the drug from the body. Transition 
metal complexes interact with DNA through covalent binding, electrostatic 
interactions, groove binding or intercalation'*^'''. The nature of these 
interactions is dependent on structure, electronic properties and the multiple 
binding or the coordination sites of the metal complexes''". Studies have 
proved that macrocyclic complexes as chemical nucleases are the efficient 
cleaving agents of DNA. Most of the enzymes that participate in the 
biochemistry of nucleic acids require divalent metal ion cofactors to promote 
their activity for the cleavage of phosphodiester bond of DNA"". Hence, a 
variety of such complexes have been synthesized in order to develop 
anticarcinogens for DNA recognition and cleavage". 
(PH6)4 
2,2-Bipyridyl based biologically active bimetallic copper complex 
Metal complexes of pyridine carboxylic acids and some of their 
derivatives have also been used as model systems for the design of new 
metallopharmaceutical compounds^^. Lately DPA has become one of the more 
12 
suitable ligands for modelling potential pharmacologically active compounds 
because of its low toxicity and amphophilic nature^''. 
Copper being a bio-essential element its complexes find more 
applications in nucleic acid chemistry as compared to other heavier transition 
metal elements^^. Over a dozen of enzymes that depend on copper, for their 
activity have been identified; the metabolic conversions catalyzed by all 
these enzymes are oxidative in nature^^. Due to their importance in biological 
processes, Cu(II) complexes synthesis and activity studies have been the 
focus from different perspectives. Chemical nucleases have become quite an 
important and invaluable research tools in the fields of molecular biology, 
therapy and bioinorganic chemistry^^ Recently, the studies have proved that 
various macrocycles of copper as chemical nucleases are efficient DNA 
cleaving agents^^. 
Due to the versatile biological and chemical properties of DPA we are 
reporting the synthesis and characterization of a ligand L where L = N,N-
diethylpiperazinyl) 2,6-pyridinedicarboxylate and its mononuclear complexes 
with Mn(II), Fe(II), Co(II), Ni(II) and Cu(II) ions. Since Cu(II) and Ni(II) are 
biochemically active their interaction with pUC 19 plasmid DNA has been 
investigated in order to ascertain the probable mechanism of their cleavage 
under physiological conditions. 
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EXPERIMENTAL 
Chemicals and methods 
Hydrated metal chlorides, 2,6-Pyridinedlcarboxylic acid (Aldrich), 
dichloro ethane (Merck), Piperazine hexahydrate (Loba Chemie) were used as 
received. Methanol was distilled prior to use. Elemental analyses (C, H, N and 
S) were carried out with a Carlo Erba EA-1108 analyzer. The metal contents 
were estimated by complexometric titration^^. IR spectra (4000-400 cm"') were 
recorded on a RXI FT-IR spectrometer as KBr disc while the 600-200 cm'' range 
was scanned with Csl on a Nexus FT-IR Thermo Nicolet (Wisconsin). The 
Electronic spectra were recorded on a Cintra 5GBC spectrophotometer in 
DMSO. The NMR spectra were recorded on a DPX-300 spectrometer in DMSO 
at room temperature. The conductivity measurements were carried out on a 
CM-82T Elico conductivity bridge in DMSO. Magnetic susceptibility 
measurements were done with a 155 Allied Research vibrating sample 
magnetometer at room temperature. TGA was performed with a Perkin-Elmer 
(Pyris Diamond) thermal analyzer under nitrogen atmosphere using alumina 
powder as reference. The weight of the sample was kept between 8 to 12 mg 
and the heating rate was maintained at 10 °C/min. Cyclic voltammetry was 
performed on a 0.1 mM DMSO solution. The potential was scanned at 
variable rates from 25-100 mV/s. The potentiometer was a Princeton Applied 
Research model 263A attached to a P.C. using Electrochemistry Powersuite 
Software. The working electrode was a glassy carbon electrode, the counter 
electrode was a platinum wire and the reference electrode consisted of Ag, 
114 
AgCI/KCI (saturated). The DNA cleavage by the complexes was probed using 
pUC 19 supercoiied plasmid DNA employing agarose gel electrophoresis. For 
the gel experiments, supercoiied pUC 19 DNA (1 f.ig) was treated with 
increasing concentration of metal complexes in 50 mM Tris-HCI/18 mM NaCI 
buffer (pH 7.2) and the solution was incubated for 12 hrs at 37 °C. The 
reaction was then terminated by adding loading buffer (25 % bromophenol, 
30 % glycerol (3 |xL) and 0.25 % xylene cyanol). 
Emission spectra 
The DNA binding studies were carried out in 0.02 mol/L of phosphate 
buffer containing 60 mM NaCI at pH 7.0 at room temperature. Calf thymus 
DNA as sodium salt (CT-DNA) was purchased from Sigma and the purity was 
checked by the absorbance A260/A280 which was found to be 1.86 in 
phosphate buffer-^" at pH 7.0. The concentration of Ethidium bromide (EB), 
which binds to DNA by interacting and enhancing the fluorescence intensity, 
was kept at 4 \xM. The concentration of DNA (25 |iM) and EB was kept 
constant. The fluorescence studies were carried out with increasing 
concentration of the complexes ranging from 5 to 25 |iM. Since the metal 
complexes do not fluoresce themselves a fluorophore like EB was utilized. All 
the samples were excited at 340 nm. Emission was recorded at 500-600 nm. 
The emission slit was 10 nm. 
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Synthesis of the ligand L (L = N^N-diethylpiperazinyl, 2,6-pyridine 
dicarboxyla te) 
To a methanolic solution (15 mL) of DPA (2 mmol, 0.33 g) was added 
dichloroethane (4 mmol, 0.35 mL) dissolved in 5 mL of the same solvent. 
The reaction mixture was refluxed on a hot plate for three hours. A white 
precipitate appears which dissolves on further refluxing for four hours. 
Piperazine hexahydrate (2 mmol, 0.38 g) was then added to this clear 
solution to obtain an immediate precipitation. This reaction mixture was 
further refluxed for four hours in order to ascertain complete precipitation. A 
white precipitate thus obtained was filtered, washed with methanol and dried 
in vacuo (Scheme I) . The progress of the reaction was monitored by thin 
layer chromatography (TLC). 
Synthesis of the complexes M(L)Cl2 
To a hot methanolic solution (15 mL) of the ligand (2 mmol, 0.60 g) 
metal halides (2 mmol) were added gradually in the same solvent with 
stirring, to obtain an immediate colour change. The reaction mixture was 
then refluxed for six hours on a hot plate, which affords the precipitate. The 
precipitation of the complexes ensures the completion of the reaction. It was 
then carefully filtered, washed with methanol and dried in vacuo (Scheme II) . 
RESULTS AND D I S C U S S I O N 
The complexes were obtained in nnodcrate yield by the reaction of 
metal chloride, MX2.nH20 with ligand, L in methanolic media (Scheme I I ) . 
M(L)Cl2 + L • M(L)Cl2 
where M = Mn(II), Fe(II), Co(II), Ni(II) and Cu(II) and L = N,N-diethyl 
pipera2inyl)2,6-pyridinedicarboxylate. Elemental analysis, FT-IR, UV-visible 
spectroscopy, ^HNMR, cyclic voltammetry and TGA/DSC were used to 
characterize the complexes. The complexes are soluble in H2O and common 
organic solvents. Single crystals suitable for X-ray analysis have been 
obtained in aqueous medium. The conductivity measurement (10"^ M) in 
DMSO indicated them to be non-electrolytes^^ 
The interaction of Ni(L)Cl2 and Cu(L)Cl2 complexes with pUC 19 was 
studied by monitoring the conversion of circular supercoiled DNA (Form I) to 
nicked DNA (Form 11). The amount of strand scission was assessed by 
agarose gel electrophoresis. The intercalating ability of the complexes was 
probed by DNA-EB system using fluorescence quenching spectroscopic 
experiments which suggests that the Cu(II) complex is a better intercalator 
than the Ni(L)Cl2. 
IR spectra 
Various coordinating modes exists in the pyridine carboxylic acid 
complexes which can be distinguished from the difference in asymmetric and 
symmetric carboxylate stretching bands, Av = VasCOO" - VsymCOO' ^^ If there 
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is a marked difference of over 200 cm"^ it implies monodentate coordination 
wlnile a difference of about 100 cm"^ confirms a bidentate coordination. Tlie 
carboxylate ion may coordinate to a metal ion in one of the following ways. 
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M M 
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In the IR spectra of the complexes the v(C-O) bands decrease in 
intensity significantly as compared to free ligand, L and new bands appear at 
1623, 1625 and 1415, 1412 cm"^ corresponding to Vgs and Vs frequencies 
respectively. The large difference between v^ s and Vs (Av > 200 cm ') 
frequencies indicates monodentate coordination-^-^. The absence of any band 
in the 3000-3450 cm ' region implies deprotonation of carboxylate groups 
leading to a ring like structure (Scheme I)- '^*. Furthermore, the absence of 
any band in 3000-3450 cm"^ region can also be corroborated with the 
deprotonation of piperazine. 
Piperazine exists in two conformations i.e. chair and boat form 
although the chair form has a higher stability. However, the boat form is 
predominant^^ in case of bidentate chelation with the same metal ion such as 
[PtCl2(Me2Ppz)]. In our case too, the piper£izinato moiety is constrained to 
form a ring like structure thus existing in a boat conformation (Table I)-^^. 
^HNMR 
The ' H N M R spectrum of the free DPA in DMSO exhibits a sharp singlet 
at 0 10.14 ppnn due to the carboxylic acid protons, which is found to be 
absent in metal complexes indicating the formation of C-O-C bonds'^ The 
eight piperazinium protons were found to resonate at 3.15 ppm as a singlet 
in case of ligand and do not alter after complexation***. The methylene 
protons were observed at 2.64 ppm in case of ligand and are shifted slightly 
when complexed with metal ions (2.66-2.69 ppm)^^. 
UV-Vis. spectra and magnetic moment 
The electronic spectral bands and the magnetic moments of the 
complexes are listed in Table I I I . In octahedral environment, Mn(II) complex 
gives spin forbidden as well as parity-forbidden bands. In addition to the 
band due to n-n' transition, the electronic spectrum o( MnO') tumplcx in 
DMSO exhibits three more bands in the region 31104 to 30350 cm ' ; 22542 
to 20533 cm ' and 17513 to 16890 cm ^ which have been assigned to %g(P) -~ %g} 
^T2g(G) ' ^Aig and ''Tig(G) < ^Ajg transitions respectively. The high spin d^ 
configuration gives an essentially spin-only magnetic moment ol ~ s') B.M., 
which IS temperature independent. The Mn(II) complex under consideration 
has the value of 5.84 B.M. which is close to the calculated value. Thus the 
ligand field bands and magnetic moment value support an octahedral 
geometry around the metal ion''° 
For the octahedral spin-free Fe(II) complexes the magnetic moment 
values lies at about 5.5 B.M. and is nearly independent of temperature. In 
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the present case the magnetic moment values are found to be 5.30 B.M. for 
Fe(L)Cl2 complex. The deviation in the magnetic moment value may be 
ascribed to a slight distortion from the regular octahedral geometry"*^ (Table III). 
Three intense bands exhibited by the Co(L)Cl2 at 15480; 20781 and 
24272 cm"^ are attributed to the three transitions from "TigCF) ground state 
to '*T2g(F), '*A2g(F) and "^ TigCP) states, respectively which is characteristic of the 
high-spin octahedral Co(II) complexes'*^. Dq = 1580 cm'^ and B = 753 cm"^ 
are also in accordance with the octahedral environment of Co(II) 
complexes'*^. The room temperature magnetic moment of 4.39 B.M. further 
supports an octahedral arrangement around Co(II) ion in Co(L)Cl2. 
Generally, bivalent octahedral Ni(II) complexes exhibit three spin 
allowed d-d bands which shift to a higher wave number depending upon the 
nature of the coordinating ligand'*''. The electronic spectrum of the Ni(L)Cl2 
complex in aqueous medium exhibits two absorption bands in the region 
9560-9090 and 16722-16129 cm"^ corresponding to the ''T2g ^ % g and 
''Tig(F) <- '*A2g transitions, respectively, which is characteristic of an 
octahedral Ni(II) ion"*^, A broad hump observed at 12500 cm"^ is also present 
and is probably due to the spin forbidden trdnsition similar to that observed 
by Prushan et al. for the Ni(L)Cl2 and Ni(L)(N03)2 where L = trithiatridecane-
2,12-dionedioxime''^. Generally the magnetic moment for octahedral Ni(II) 
complex, lies between 2.9-3.4 B.M. Our value (3.26 B.M) is well within the 
specified limit therefore, an octahedral geometry is proposed for the Ni(II) ion. 
The blue colored Cu(L)Cl2 complex In the present case exhibits a broad 
band centered at 730 nm encompassing several transitions characteristic of 
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an octahedral geometry (Table If^. However, several attempts to resolve 
this band were unsuccessful due to the absence of cubic field symmetry. The 
magnetic moment of mononuclear Cu(II) complexes generally lies between 
1.75 to 2.20 B.M. regardless of the stereochemistry and is temperature 
independent. However, the room temperature magnetic moment of 2.11 B.M. 
in our case is in agreement with that found for octahedral Cu(RP0)py2 
complex''^. 
Cyclic voltammetry 
The complexes are soluble in common organic solvents and the 
electron transfer behavior of the Cu-complex was studied in CH3CN by two-
vertex cyclic voltammetry in -2.0 to +2.0 V range with variable scan rate (25 
to 100 mV/s). The cyclic voltammogram at Pt disk electrode for this complex 
display two reversible Cu(II)/Cu(I) and Cu(II)/Cu(II I) redox couple (Fig. 1). 
I t is known that the redox potential of Cu(II)/Cu(I) process is shifted towards 
more negative potential as the electron-donating ability of the substituents 
on the ligand framework becomes higher'*^. The ligand is electrochemically 
active due to the presence of the pyridinium moiety^°. The copper(II) ion 
yields two quasi-reversible redox couple, located at E\/2 = 0.445 V and E^/? 
= 0.805 V which are assignable to Cu(II)/Cu(I) and Cu(II)/Cu(II I) , 
respectively (E1/2 = (Epa + Epc)/2). The criterion of reversibility was verified 
by the ratio, ipa/ipc = 0.89-0.92 [JA with variation of scan rates. Any redox 
behaviour of the ligand in the range -1.25 to 1.50 V is ruled out because 
dipicolinic acid shows quasi-reversible and irreversible process at -1.58 V^^ 
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Thermal studies (TGA/DSC) 
The thermal analysis of the ligand and its mononuclear complexes was 
carried out under an inert atmosphere (N2). The ligand exhibits a two-step 
thermolytic pattern while the complexes decompose in three stages 
respectively (Table 3). The decomposition of the free ligand begins at 162 °C 
and exhibits a sharp endotherm (absent in the complexes) at 195 °C. 
However, in the case of complexes the first decomposition spans from 180 °C 
through 220 °C corresponding to the liberation of chloride ion as HCI (found 
~17 % ) . The results show a significant increase in the decomposition 
temperature when compared with the ligand, indicating a higher thermal 
stability of the complexes^^. The absence of any thermal change before 150 °C 
indicates that the restructuring of the ligand and its complexes does not take 
place before the initiation of the degradation process and also rules out the 
possibility of any water or solvent molecule in the ligand and its complexes^^. 
The second thermolytic step starts at 225 °C and terminates at about 330 "C, 
corresponding to the decomposition of piperazine and ethane linkage. The 
third stage of pyrolysis corresponds to 34 % weight loss consistent with the 
expulsion of dipicolinic moiety leaving behind metal oxide as the end 
product^"*. 
The DSC plots are consistent with the decomposition pattern of the 
ligand and its complexes. Two broad peaks observed at 195 and 365 °C 
indicate the pyrolysis of the ligand as an exothermic process. A sharp 
exothermic peak obtained for the liberation of chloride reflects fast 
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decomposition process, implying volatilization of the complex upon heating. 
However there is no well-defined peak for the formation of metal oxide as the 
end product. 
DNA binding studies 
Ethidium bromide (EB) is one of the most sensitive fluorescent probes 
that can bind with DNA. There is an increase in the fluorescence of EB due to 
intercalation with DNA. If the metal complex intercalates with DNA it leads to 
a decrease in the binding sites of DNA available for EB, which is reflected, 
from a decrease in the fluorescence of the EB-DNA system^^. Accordingly, the 
titration of DNA-EB with Ni(II) and Cu(II) complexes decreased the intensity 
of fluorescence spectra in our system. The fluorescence quenching assays of 
limited EB bound to excess of DNA is utilized to distinguish intercalating and 
non-intercalating ligands. The addition of Cu(L)Cl2 complex to DNA pretreated 
with EB causes appreciable reduction in the emission intensity indicating that 
the DNA bound EB fluorophore is partially replaced by the Cu(II) complex 
(Fig. 2). A similar treatment with Ni(II) complex showed a less pronounced 
effect indicating that the Cu(II) complex is a better intercalator than the 
Ni(II) analogue (Fig. 3). 
DNA cleavage experiments 
The DNA cleavage efficiency of metal complexes was examined using 
supercoiled pUC 19 plasmid DNA as the target. Circular plasmid DNA is 
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ideally suited to probe the cleavage as the DNA exists in a supercoiled state 
in its native form and converts to a relaxed form upon single strand scission. 
This is exhibited by altered migration rate during agarose gel electrophoresis, 
the fastest migration will be observed for the supercoiled form (Form I) . If 
one strand is cleaved, the supercoils will relax to produce a slower moving 
open circular form (Form II)^*". If both the strands are cleaved a linear form 
will be generated that migrates in between. Gel electrophoresis experiments 
using pUC 19 plasmid DNA were performed with the complexes in the 
presence and absence of H2O2 as an oxidant. I t was found that both the 
Ni(II) and Cu(II) complexes can effectively cleave the supercoiled DNA, in 
the absence of H2O2 but the nuclease activity of the complexes gets 
enhanced in its presence. 
I t is evident from Fig. 5 that the complexes cleave DNA more 
efficiently in the presence of an oxidant, which is attributed to the formation 
of hydroxyl radicals. The hydroxyl radical may have been produced due to 
the reaction between the metal complex and H2O2 as shown below 
Cu^^ + H2O2 • Cu'^ + OH + . OH* 
These OH' free radicals participate in the oxidation of the deoxyribose 
moiety, followed by hydrolytic cleavage of the sugar phosphate backbone. 
The more pronounced nuclease activity in case of Cu(L)Cl2 complex may be 
due to the greater ease of its oxidation. 
The Cu(II) complex exhibits significant nuclease activity even in the 
absence of H2O2, as compared with Ni(L)Cl2. The increase in concentration in 
each well led to a decrease in the intensity of supercoiled DNA band although 
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the intensity of tine nicl<ed DNA increases apparently. Cu(II) complex shows 
more nuclease activity at a lower concentration as is evident from an intense 
band (lane b) at 5 laM, although no band is observed in case of Ni(II) 
complexes at this concentration. The Ni(II) complex exhibits activity at a 
concentration greater than 10 |iM. These observations confirm that the Cu(II) 
complex acts as a better nuclease at a physiologically relevant 
concentration. 
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Fig. 1. Cyclic voltammogram of Cu(L)Cl2 
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Fig. 2. Emission spectra of Cu(L)Cl2 complex (excited at 550 nm, 5 ml 
solution): a. Control (4 pM EB + 25 pDNA); b. 4 pM EB + 25 pDNA + 5 pM 
Cu(L)Cb; c. 4 pM EB + 25 pDNA + 10 pM CuCgCb; d: 4 pM EB + 25 pDNA + 
15 pM Cu(L)Cl2; e. 4 pM EB + 25 pDNA + 20 pM Cu(L)Cl2; f. 4 pM EB + 25 
pDNA + 25 pM Cu(L)Cb 
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Fig. 3. Emission spectra of Ni(L)Cl2 complex (excited at 550 nm, 5 ml 
solution): a. Control (4 pM EB + 25 pDNA); b. 4 pM EB + 25 pDNA + 10 |JM 
Ni(L)Cl2; c: 4 pM EB + 25 pDNA + 15 pM Ni(L)Cl2; d. 4 pM EB + 25 pDNA + 
20 pM Ni(L)Cb; e. 4 pM EB + 25 pDNA + 25 pM Ni(L)Cl2 
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Fig. 4. Agarose gel electrophoresis diagram showing the cleavage of pUC 19 
plasmid DNA by Ni(L)Cl2 in various concentrations in TAE buffer at pH 7.2. 
lane a: DNA control showing pUC 19 plasmid DNA in supercoiled form, form 
I; lane b: DNA + Ni(L)Cl2(5 ^iM); lane c: DNA + Ni(L)Cl2(5 |aM) + H2O2; 
lane d: DNA + Ni(L)Cl2 (10 ^M); lane e: DNA + Ni(L)Cl2 (10 ^M) + H2O2 lane 
f: DNA + Ni(L)Cl2 (20 jiM); lane g: DNA + Ni(L)Cl2 (20 ^M) + H2O2 
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Fig. 5. Agarose gel electrophoresis diagram showing the cleavage of 
pUC 19 plasmid DNA by Cu(L)Cl2 in various concentrations in TAE 
buffer at pH 7.2. lane a: DNA control showing pUC 19 plasnnid DNA 
in supercoiled form, form I; lane b: DNA + Cu(L)Cl2 (5 |iM); lane c: 
DNA + Cu(L)Cl2 (5 ^M) + H2O2; lane d: DNA + Cu(L)Cl2 (10 ^M); 
lane e: DNA + Cu(L)Cl2 (10 ^M) + H2O2 lane f: DNA + Cu(L)Cl2 (20 
^M); lane g: DNA + Cu(L)Cl2(20 ^M) + H2O2. 
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CHAPTER - VI 
MONONUCLEAR INDOLYL 
DITHIOCARBAMATES OF SnCU and 
RzSnCb: SPECTROSCOPIC, THERMAL 
AND CYTOTOXICITY ASSAYS in vitro 
MONONUCLEAR INDOLYL DITHIOCARBAMATES OF SnCU 
and RzSnClz: SPECTROSCOPIC, THERMAL AND 
CYTOTOXICITY ASSAYS in vitro 
INTRODUCTION 
Dithiocarbamates owe special significance due to their wide 
application as vulcanization additives, stabilizers for PVC, fungicides, 
antibacterial and anticancer agents^'^. The recognition of the importance 
of Sn-S bond in biology has led to the study of organotin compounds with 
dithiocarbamates-'. They are given importance due to their use as 
chemoprotectants in platinum based chemotherapy''. In particular, 
thiocarbonyl and thiol donors have shown promising properties for use in 
modulating cis-platin nephrotoxicity^ The antibacterial effect of 
dithiocarbamates was reported to arise by the reaction of HS-groups with 
physiologically important enzymes by transferring the alky! group of the 
dithioester to the HS-function of the enzyme^. Investigations of various 
types of compounds posessing aminoalkylation ability showed that 
substituted aminoethyl N,N-dialkyldithlocarbamates have cytostatic 
features presumably via a similar mechanism proposed for antibacterial 
action^. 
Q. /P 
M l 
An anticancer agent Pmvadoline, an analgesic agent 
SO2NH2 
Indamamide, antihypertensive and diuretic agent 
The dithiocarbamate connplexes of organotin have generated 
interest because of their dual structure and probable anti-tumor 
properties^. They are generally toxic even in minute quantities. Biological 
activity of such compounds is mainly dependant on the organic group 
bound to tin atom. [Triall<yltin(IV)]'^ and [Triaryltin(IV)]"^ are found to be 
highly toxic to central nervous system albeit the toxicity deceases with 
increasing size of the organic group^. Organotin compounds are also 
known to exert therapeutic effects on various tumor cells. Dialkyltin(IV) 
appear to be most effective probably due to the presence of RaSnCIV)^ "". 
Some of the organotin complexes possess antitumor activity although 
their mechanism of action is still unknown^". It has been shown that 
organotin compounds are active against two leukemia cell lines^^ 
Indoline and its derivatives are used in photoactive devices and as 
catalyst for asymmetric syntheses^^"^^. The protecting group on the 
nitrogen has a strong influence upon the regiochemistry of indoline 
reactions^"*"^^. Over one thousand indole containing alkaloids are known, 
some of which are used in pharmacology^^. 
HN NH 
CH3 
Spiro indoline based heterocycle 
During the recent years interest has been developed in evaluating 
the antimicrobial activity of many indoline derivatives and their 
dithiocarbamates. A cumulative study of the synthesis, characterization, 
antimicrobial and cytotoxic assays has seldom been done. Transition 
metal complexes of monothiocarbamates and dithiocarbamates of indoline 
have been synthesized and characterized^^, in no case, however, their 
organotin(IV) and SnCU derivatives have been synthesized and antimicrobial 
properties screened. 
In the present project synthesis and characterization of 
(CH3)2SnCl2, (C4H9)2SnCl2, (C6H5)2SnCl2 and SnCU complexes with indoline 
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dithiocarbamate has been reported. They have been characterized by FT-IR, 
NMR, FAB-MS, TGA/DSC and elemental analysis. Also an attempt has 
been made to identify the symmetrical and unsymmetrical nature of 
bonding of the dithiocarbamate. Since the indollne and dialkyltin(IV) 
complexes are extensively used in clinical trials on humans, it was found 
worth, studying their antitumor activity against the standard human 
tumor cell lines. These complexes have also been screened for their 
antifungal and antibacterial activity against E. coli, S. aureus, C. albicans 
and A. flavus. 
EXPERIMENTAL 
Chemicals and methods 
Stannic chloride, Organotins (Merck, Across), Carbon disulfide 
(Merck) and Indoline (Koch Light) were used as received. Methanol was 
distilled and dried before use. Elemental analysis was carried out with a 
Flash EA-1112 Analyzer, CE Instrument. IR spectra (4000-200 cm"^) were 
scanned with Csl on Nexus FT-IR Thermo Nicolet. The conductivity 
measurements were carried out with a CM-82T Elico conductivity bridge in 
DMSO. TGA/DSC was performed with a Universal V3.8 B TA SDT Q600 
Build 51 Thermal Analyzer under nitrogen atmosphere using alumina powder 
as reference material. The heating rate was maintained at 10 °C/min. The 
FAB mass spectra were recorded on a JEOL SX 102/Da-6000 Mass 
Spectrometer/Data System using Argon/Xenon (6kV, 10mA) as the FAB 
gas. The accelerating voltage was 10 kV and the spectra were recorded at 
room temperature. M-NitrobenzoyI alcohol (NBA) was used as the matrix. 
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Synthesis of ligand (Naindtc) 
The ligand was prepared by a modified procedure given in the 
literature^^ To a 40 mL methanolic solution of indoline (20.0 mmol, 2.19 mL) 
was added neat carbon disulfide (20.0 mmol, 1.2 mL) dropwise with 
continuous stirring in an ice bath followed by the addition of 10 mL NaOH 
(20.0 mmol, 0.8 gm) dissolved in aqueous methanol. A shiny yellow 
product was obtained on standing the reaction mixture overnight. The 
product was, thoroughly washed with water, methanol and dried in vacuo 
over calcium chloride. 
Synthesis of Dimethyltinindoline dithiocarbamate, [(CH3)2Sn(indtc)2] 
To a stirred solution of the indoline dithiocarbamate (5 mmol, 1.08 gm) 
in 20 mL of methanol was added (2.5 mmol, 0.55 gm) dimethyltin 
dichloride in 10 mL of the same solvent to obtain an immediate 
precipitation. The reaction mixture was then stirred for three hours at 
room temperature. The product was separated by filtration, washed with 
methanol and anhydrous diethyl ether and dried in vacuo. 
Synthesis of Dibutyltinindoline bisdithiocarbamate, [(C4Hg)2Sn 
(indtc)^] 
To a well-stirred solution of the ligand (5 mmol, 1.1 gm) in 20 mL 
of methanol was added (2.5 mmol, 0.76 gm) dibutyltin dichloride in 10 mL 
of the same solvent to obtain an immediate precipitation. The reaction 
mixture was then stirred for three hours at room temperature. The 
product was filtered, washed with methanol and anhydrous diethyl ether 
and dried in vacuo. 
144 
Synthesis of Diphenyltinindoline bisdithiocarbamate, [(C6Hs)2Sn 
(indtc)2] 
To the solution of the ligand (5 mmol, 1.1 gm) in 20 mL of 
methanol was added (2.5 nnmol, 0.65 gm) diphenyltin dichlohde in 10 mL 
of the same solvent to obtain an immediate precipitation. The product was 
separated by filtration, washed with methanol and anhydrous diethyl ether 
and dried in vacuo. 
Synthesis of Dichlorotin indoline bisdithiocarbamate, [(Cl2)2Sn 
(indtc)2] 
To a solution of the ligand (5 mmol, 1.1 gm) in 20 mL of methanol 
was added (2.5 mmol, 4.49 mL) tin tetrachloride in 10 mL of the same 
solvent. This mixture was then stirred for three hours at room 
temperature, which afforded the product. It was filtered, washed with 
methanol and anhydrous diethyl ether and dried in vacuo. 
Synthesis of Tetrakis indoline dithiocarbamate, [Sn(indtc)4] 
To a well stirred solution of the ligand (5 mmol, 1.1 gm) in 20 mL 
of methanol was added (1.25 mmol, 2.24 mL) tin tetrachloride in 10 mL of 
the same solvent to obtain an immediate precipitation. The product was 
separated by filtration, washed with methanol and anhydrous diethyl ether 
and dried in vacuo. 
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RESULTS AND DISCUSSION 
The ligand was obtained by the reaction of indoline with carbon 
disulfide in methanol as shown below: 
+ CS2 NaOH 
NaS S 
Na(indtc) 
The organotin dithiocarbamates were obtained by the reaction of 
R2SnCl2 with Na(indtc) in 1:2, and SnCU in 1:2 and 1:4 molar ratios, 
respectively. The general chemical reaction is given as: 
+ R2SnCl2 
i) Methanol 
ii)3li Stirring 
-2NaCI 
-N 
C 
/ \ 
R-ySn\— R 
\ ^ 
The complexes are stable to moisture and heat, are non-conducting 
in DMSO^^  and give satisfactory elemental analysis (Table I). They are 
soluble in chloroform and dichloromethane. 
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IR spectra 
The most significant IR bands are listed in Table I I . The v(C-S) in 
the region 1000+70 cm"^ is quite cardinal in deciding the nature of the 
dithiocarbamato group^^. A singlet in the above region suggests bidentate 
symmetrical bonding while the splitting of this band into a doublet may be 
attributed to the unsymmetrical monodentate nature of the 
dithiocarbamato moiety^°. We have observed a single sharp band at 1043 cm'^ 
in the ligand, which was found to be shifted, by ~ 25 cm"' in the 
complexes (2-5) indicating bidentate coordination of the ligand to tin 
atom. However, a doublet is observed at 998 cm'^ in case of 6 implying 
the presence of both monodentate as well as bidentate dithiocarbamato 
moiety. This fact is further supported by ^^^Sn-NMR data. Furthermore, 
the C-N stretching frequency is also diagnostic in deciding the nature of 
dithiocarbamato group as evidenced by a large number of reports^\ In 
our case the v(CN) at 1465 cm"^ in the ligand was found to be shifted to 
higher wavenumber (1477-1483 cm"^) in complexes which is intermediate 
between v(C-N) and v(C=N) confirming a partial double bond character^^ 
On the above findings the following resonance forms can be postulated for 
the ligand, Na(indtc): 
\ f r 
/ 
I I 
- < >• 
/ ' \ / \ / \ / \ 
^ s s s- s - ' s s s 
I II III I V 
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An interesting feature of these connplexes is the concomnnitant 
strengtlnening of tine C-N witli C-S bond in tiie complexes, whicli can be 
due to tlie coordination of tine S-S clielate with Sn-atom leading to a 
dispersal of electronic charge over the NCS2 region". The Sn-sulfur 
coordination is further supported by the presence of new medium to weak 
intensity bands in the 408-386 cm"^ region, which are found to be absent 
in its precursor^'*. 
NMR spectra 
The ^H-NMR spectra of the free ligand and complex 1 show signals 
for methylene proton bound to nitrogen at 3.80 ppm and are found to be 
unaffected by coordination (Table II I). The signals at 2.14 ppm belong to 
cyclic chain proton (Ar-CHa-C), which are also insensitive to Sn 
coordination^^. A multiplet was observed at 6.9 ppm corresponding to the 
presence of aromatic protons. The ^H-NMR spectra of complex 2 exhibits a 
sharp singlet at 1.52 ppm corresponding to the protons of methyl groups 
attached to the Sn-atom^^. However, in the case of complex 3, three sets 
of signals are observed. As the butyl group is attached to electropositive 
Sn-atom via carbon nuclei, a shielding effect is experienced through the 
carbon chain^^. The methyl protons of the butyl group are observed as a 
triplet at 0.91 ppm while broad signals are observed at 1.65 and 1.38 ppm for 
the methylene protons. The aromatic protons of the phenyl group directly 
attached to the Sn-atom in 4 were observed at 6.58 ppm. The 
equivalence of the methyl, butyl and phenyl protons in complexes 2, 3 and 
4 indicates trans arrangement of the alkyl and aryl groups on Sn-atom^^. 
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Highest downfield shift is observed for the methylene protons (1.21 ppm) 
directly attached to the Sn-atonn. 
The ^^C-NMR spectrum of the complexes exhibits two signals for 
N(CH2) protons at 54.6 and 50.2 ppm while the ring methylene protons 
were found to resonate at 25.8 and 24.0 ppm respectively. The CS2 
resonances for complex 1 were observed at 193.3 ppm while in complexes 
(2 to 6) it was shifted downfield to about 5-6 ppm indicative of the metal 
coordination^^. The downfield shift is consistent with the dispersal of 
electronic cloud over the entire MS2CN region. In order to provide further 
structural evidence, which establishes the structure of the complex in 
solution, we further recorded ^^^Sn-NMR spectra. 
It is well known that the high coordination number at the Sn center 
relates to high shielding effect. ^^^Sn-NMR chemical shift may be used to 
give tentative indications of the environment around tin atoms. It has 
been reported that the magnitude of the chemical shift in organotin(IV) 
complexes is related to the coordination number of the metal center. 
Holecek et al.-^ ° have suggested values from +200 to -60 for four-
coordinated, -90 to -190 for five-coordinated and -210 to -400 ppm for 
six-coordinated tin atoms in solution respectively. The ^^ ^Sn NMR spectra 
of complexes (2 to 6) exhibit chemical shift in the region -245.3 and -260.8 ppm, 
suggesting the presence of six-coordinated^^ Sn. An interesting feature is 
observed on examining the "^Sn-NMR chemical shifts. It was found that 
"^Sn-NMR signals shift to more positive frequencies on increasing the 
number of sulfur ions in the metal coordination sphere. This shift may be 
attributed to the loss of chloride ions, which facilitate the 71 back donation 
from p-electrons of the chloride to the empty 5d orbital of Sn-center^^. 
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Mass spectrometry 
The FAB mass spectral data and fragmentation pattern of 
compound 1, 2 and 4 are shown under scheme 1-3 along with m/z and 
percent intensity. The mass spectrum of the ligand, Naindtc exhibits a low 
intensity base peak at m/z 217 while the molecular ion peak is observed 
at m/z 78 due to [CeHe]"^  fragment (Scheme 1). The disappearance of any 
peak above 217 implies the formation of anhydrous ligand, which is also 
evident from the TGA/DSC plot^^. However, in case of complex 2 and 4, the 
reported mass spectral data is in accordance with the principal isotope ^^°Sn. 
The molecular ion peak is observed only in case of methyl analogue, 2 at 
m/z 539. The base peak (100 %) are observed at 78 due to [CeHe]"" and 
at 120 due to [CsHsN]'^  fragment for complex 2 and 4 respectively^'*. The 
absence of any higher peaks implies the formation of mononuclear 
complexes. The other possible fragments of the complexes are given in scheme 
2 and 3. 
Thermal studies (TGA/DSC) 
Thermogravimetric analysis of the ligand and its complexes has 
been carried out to study the pyrolysis pattern in the temperature range 
25-580 °C. The thermogram of the ligand exhibits weight loss in two steps 
over the temperature range 145-180 and 205-320 °C. These are in 
agreement with the expulsion of CS2 and indoline moieties respectively^^. 
The complexes start decomposing above 215 °C and the thermogram 
exhibits three distinct decomposition steps at 215, 254 and 347 °C. Since 
the TG curves of the complexes do not display noticeable weight loss up to 
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ca. 215 °C it confirms the absence of water of hydration or water of 
coordination^^. This behaviour also reveals greater thermal stability for 
complexes than its precursor. It is also supported by elemental analysis 
(Table 1) and infrared spectra (Table 2). The first decomposition step of 
the complexes exhibits 58 % weight loss corresponding to the 
decomposition of alkyl or aryl groups^^. The second thermolytic stage 
accounts for the degradation of indoline nucleus which is a common 
feature of heterocyclic compounds while the third step at 450 °C, is 
accompanied by 20 % weight loss corresponding to the expulsion of 
remaining part of the organic moiety. Finally the TG curve shows a 
plateau above 540 °C corresponding to the formation of tin sulfide as the 
final product^^. 
Antimicrobial assay 
The antibacterial and antifungal activity of a solution of freshly 
synthesized complexes in dichloromethane was tested against some gram 
positive and gram negative bacteria such as, E. coli, S. aureus, C. albicans 
and A. flavus. The activity was then compared with some reference 
antibiotics that were purchased from the market. The results revealed that 
the dithiocarbamate complexes had activity comparable with the reference 
drug (Table IV). 
All the complexes and the parent ligand were screened for their 
activity against the test organisms. The hole plate diffusion method was 
adopted for the activity measurements^^. The bacterial strains were grown 
in nutrient agar slants and the fungal strains were grown in Sabouraud 
dextrose agar slants. The viable bacterial cells were swabbed onto 
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Nutrient agar plates and the fungal spores onto Sabouraud dextrose agar 
plates. The compounds were dissolved in dichloronnethane to a final 
concentration of 0.1 %. A 0.5 cnn diameter well was cut in a medium 
inoculated with the respective cultures, and the test solutions of the 
compounds in different concentrations (5 and 1 ^gm) for bacterial cultures 
and (15 and 50 lagm) for fungal cultures were allowed to stay in the wells. 
The petri plates were incubated for 36 hours for bacterial cultures and 72 
hours for fungal cultures. All the compounds were screened against 
flucanazole as reference for fungal cultures and gentamycin for bacterial 
cultures in their standard concentration of 200 ^g/well. The activity of the 
compounds was evaluated by measuring the diameter of the inhibition 
zone around the respective wells. The results are presented in the table. 
The complexes display stable inhibition zones and are more active than 
the ligand. They possess potential inhibitory activity in amounts as low as 
l|.ig/well for bacterial cultures and 15 j.ig/well for fungal cultures. The 
activity of the complexes is measured in terms of inhibition of the 
replication of DNA by interacting with the enzyme prosthetic group. It has 
been observed that the activity of dibutyltin dithiocarbamate is lower than 
that of tin(IV) complex, while that of methyl and phenyl analogues is quite 
comparable. Higher activity of Cl2Sn(indtc)2 is probably due to the 
chloride, which is more labile than the alkyl groups. Since it is relatively 
less hydrophobic compound it may easily penetrate the cell membrane as 
compared to the others'*". The possible inhibitory action of the complexes 
can be due to their inhibition of the replication of DNA by interacting with 
the enzyme prosthetic group. These complexes are found to be quite 
active due to their membrane penetrating activity. However, the reduced 
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activities in some cases can be attributed to their inability to fornn 
liydrogen bonds witin the cell constituents''^ 
Cytotoxicity screenings 
The in vitro cytotoxicity test of the compounds 2-6 was performed 
using microculture sulforhodamine B (SRB) test for estimation of cell 
viability''^. The human cancer ceil lines used in the present study are 
WIDR (colon cancer), IGROV (ovarian cancer), M19 MEL (melanoma), 
A498 (renal cancer), MCF-7 (breast cancer) estrogen receptor 
(ER)/progesterone receptor (PgR)+, EVSA-T (breast cancer) (ER)-/ 
progesterone receptor (PgR)- and H226 (non small cell lung cancer). The 
test and reference compounds were dissolved to a concentration of 
250000 ng/mL in full medium, by 20-fold dilution of a stock solution, 
which contained Img compound/200 pL. The compounds were dissolved 
in dichloromethane. 
The experiment was started on day 0. On day 0, 10000 cells per 
well were seeded into 96-wells flat-bottomed microtiter plates (falcon 
3072, DB). The plates were incubated for 48 hours at 37 °C, 8 % CO2 to 
allow the cells to adhere to the bottom. On day 2, a threefold dilution 
sequence often steps was made in full medium, starting with the 250,000 
ng/ml stock solution. Ever dilution was used in quadruplicate by adding 
150 pL to a column of four wells. This procedure resulted in a highest 
concentration of 625,000 ng/mL present in columnl2. Column 2 was used 
as a blank. After incubation of four days, the plates were washed with PBS 
twice. Subsequently 200 pL of Fluorescein Diacetate stock solution diluted 
to 2 pg/mL with PBS was added to each of the control, experimental and 
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blank wells. The plates were then Incubated for 30 min. at 37 °C. 
Fluorescence generated fronn each well was nneasured at an excitation 
wavelength of 485 nm and an emission wavelength of 540 nnn using an 
automated microplate reader (Labsystems Multiskan MS). Data was used 
for the construction of concentration-response curves and the 
determination of ID50 values by use of Deltasoft 3 software. 
The results of the in vitro cytoxicity test of compounds dibutyltin 
indoline bls(dlthiocarbamate), [(C4H9)2Sn(indtc)2] and diphenyltin indoline 
bis(dithiocarbamate), [(C6H5)2Sn(indtc)2] are given in Table V, as the 
inhibition doses ID50 observed against a panel of seven human tumor cell 
lines i.e. WIDR (colon cancer), IGROV (ovarian cancer), M19 MEL 
(melanoma), A498 (renal cancer), MCF-7 (breast cancer) estrogen 
receptor (ER)/progesterone receptor (PgR)+, EVSA-T (breast cancer) 
(ER)-/progesterone receptor (PgR)- and H226 (non small cell lung 
cancer). The cytotoxicity results were compared with those obtained for 
some clinically used reference compounds like doxorubicin DOX, cisplatin 
CRT, 5-fluorouracil 5-FU, methotrexate MTX and taxol TAX. 
The Table V clearly shows that the compounds 3 and 4 are active in 
vitro and exhibit comparable activity with respect to cisplatin against all 
seven human tumor cell lines. Hence these compounds can be effectively 
tested as suitable candidates for improving cytotoxic and dissolution 
properties. This is in accordance with the findings of Pellerito et al. who 
reports that organotin(IV) complexes exert therapeutic effects on various 
tumor cells; dialkyltln(IV) complexes being the most effective'*^""'*. It has 
been suggested that these behaviors are exhibited due to the interaction 
of organotin compounds with DNA at the level of phosphate group, which 
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may be followed by the intercalation of the ligand into DNA''^ "'* .^ Different 
active organotin compounds may still show slight variations in 'in vitro' 
cytotoxicity due to different kinetic and mechanistic behavior''^ 
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Synthesis, characterization and spectroscopic studies of the 
dihydrobis(l,2,3-benzotriazolyl)borate anion and its complexes 
with MCl2-py2 
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Ahstiacl The preparation of sodium dihydiobis(l,2,3-bcn/oliia/olyl)boiale was 
realised b> rclluxing one mole of sodium borohydride wilh two moles of 1,2,3-ben-
70tria7olo m toluene over a period of 12 h Its complexes with MCli'pyi [where M ^  
Mn(II). Fc(ll), Co(Il), Ni(II), Cu(II) and py = pyridine] were characterized by ele-
mental analysis as well as magnetic, spectroscopic and conductivity measurements 
On the basis of these studies, it is proposed that the geometry of all the complexes is 
octahedral The ligand field parameters 10 Dq, B and P show extensive overlap be-
tween the M L orbital The molar conductance of 10"' M solutions of the complexes 
in DMSO suggest them to be non-ionic in nature 
Keywords borate, transition metal complexes, spectroscopy 
INTRODUCTION 
Boron attaclied to nitrogen heterocycles yields novel ligands, which occupy a 
unique place in coordination chemistry.' Polypyrazolyl borate gave rise to a tre-
mendous amount of chemistry^ with amazing diversity. These anions may be con-
sidered as a subgroup of a wider class of ligands, which are potentially accessible 
via the reaction of BH4 with nitrogen heterocycles. Pyrazolyl borate derivatives 
are multidcntate ligands used in bioinorganic, organomctallic and coordination 
chcmistry.^"^ 
The known scorpionate type pyrazolyl borates arc cither limited to the use of 
parent ligands or with substituents such as -CH3, -C3H7, -C4H9 and -Cf^W^. Con-
siderable work with pertluorinatcd substituents of polypyrazolyl borate has also 
been reported.' "•" Substitution on the pyrazolyl ring allows control over the steric 
environment of the binding site.'-''-^ The dipyrazolyl anions have a formal analogy 
to p-diketonates and they mimic them in complex formation.^ 
* Corcsponding author 
doi 10 2298/JSC06111378 
1137 
138 sfDnroiKii/ 
Only a few poly(azolyl)boratc ligands and their complexes other than pyra-
zolc have been reported, although the chemistry of poly(azolyl)borate complexes 
may critically depend on the pattern of the ring substitution.'"^''^ It prompted us to 
investigate the behaviour of metal complexes of analogous ligand systems with 
modified steric and/or electronic properties.'^ 
In this communication, the preparation and characterization of a new poly(azo-
lyl)borate ligand derived fi-om 1,2,3-bcnzotriazole and its complexes with MCl2Py2 
[where M = Mn(II), Fe(Il), Co(ll), Ni(Il), Cu(ll) and py = pyridine] is described. 
EXPERIMENTAL 
General consideralion 
Sodium boiohydride (BDH), 1,2,3-bcnzolna/ole (Loba Chemie), hydrated metal chloiidcs 
(Merck), toluene (Ranbaxy) and pyridine (CDFI) were used as received. MCl2Py2 was synthesized 
by a literature method " Methanol was distilled before use Elemental analysis (C, H, N) was car-
ried out with a Thomas and Coleman analyzer. The metals were estimated by complexometric titra-
tion '** The IR spectra (4000 400 cm"') were recorded on a RXJ FT-IR spectrometer as KBr discs 
The conductivity measurements were carried out on a CM-82T Elico conductivity bridge in DMSO. 
The UV-Vis spectra were recorded on a Cintra 5GBC spectrometer in DMSO Magnetic suscepti-
bility inea.surcmcnts were performed with a 155Allicd Rcseaich vibrating sample magnetometer at 
loom temperatuie. 
N«BH^  +2[ jT ^N 
Toluene •HS 
Fig 1 Preparation of the ligand 
Na[H3B(BT7)2] 
Synlhe':i'< of Na[H2B(BTz}2] 
1,2.3-Benzotriazole (6 32 g. 53 5 mmol) was mixed with a suspension of NaBH4 (1 0 g, 26 5 
mmol) in toluene (75 mL) and refluxed for 12 h under diy condition. Two moles of evolved hydro-
gen gas were collected over water. When the gas evolution ceased and the temperature did not rise, 
the reaction mixture was cooled to room temperature, which afforded a white product (Fig 1). This 
was filtered, washed with cold diethyl ether (20 mL) and dried m vacuo 
^^ 
Cl- -M CI + iJ •^ c i - Y M t -CI 
M« Mn(II). Fe(ll).Co(H). Ni(!l)aiidCu(I!i 
Fig 2 Preparation of the MCUpyi 
complexes 
MCI^PVTCOVU'I 1 XrSOh [RI\/()1YI BORAfl 1139 
SMIIIICIS of Lomplexc'. 
A methanolic solution of MCl2Py2 (20 niL) (Fig. 2) was added to a methanolie solution of 
Na[H-.B(BT7)7] (20 mL) in a 1:2 mole ratio with continous strirnng over about I h. The reaction 
mixture was left overnight, which yielded the required compound (Fig. 3). This was isolated, 
washed with methanol and dried in vacuo 
RESULTS AND DISCUSSION 
The ligand is soluble in DMF, DMSO, THF, acetone, methanol and water. The 
complexes are thermally stable and decompose above 300 °C. They are soluble in 
DMSO. Their molar conductance of 10 ^ M in DMSO are given in Table 1. They 
fall well below those reported for univalent electrolyte at room temperature, indi-
cating their non-electrolytic nature.''^ 
n - -H 
\ 
1 r 
V, 
ci-
/ * y >• \ 
H B H M u — • & H 
Fig 3. Preparation of the complexes 
M = Mi,(ll) Fc II) r c l l ) M((n mi Cwin M[H2B(BTz)2]2Py2 
IR Spectra 
The ligand showed the absence of v(N-H) in the 3400-3000 cm ' region and 
the appearance of a new band at 1450 cm ', indicating the substitution of hydrogen 
by boron (Table 11). Dihydrobis(organyl)borates generally exhibit two v(B-H) in 
the 2350-2500 cin^' region, which are strongly influenced by the substituents on 
the ring. A doublet at 2436 and 2496 cm~' due to the presence of two B~H bonds in 
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sodium dihydrobis(l,2,3-benzotriazolyl)boratc has been observed.20 The eom-
plcxcs, M[H2B(BTz)2]py2 show identical bands. Different absorptions bands ap-
pear in the 1620-1520 cm ' range, indicating the presence of v(C=C) and v(C=N), 
confirming the presence of the pyridine ring in the complexes.^' The v(M-N) band 
may appear in the lower frequency region (470^00 cm ') for nitrogen ligands.-^ 
It has been found on the basis of normal coordinate analysis of first row transition 
metal compounds with nitrogen containing donor groups that the v(M-N) generally 
increases with increasing nuclear charge in the metal.-^ it was observed that the 
v(M-N) band appears in the 462^43 cm • region. 
Electronic Spectra and Magnetic Moments 
The Mn(ll) complex in octahedral environment gives spin forbidden as well as 
parity forbidden bands. In addition to the n-n* transition, the Mn(Ii) complex in 
DMSO exhibits two additional bands at 22,075 and 16,639 cm"', which have been 
assigned to •*T2g(G) <— ^Ajg and '*Tig(G) <- ^Aig transitions, respectively (Tabic 
111). The d^  configuration gives an essentially spin-only magnetic moment of ~ 5.9 
/<B- In the present work, the value of 5.84;<3 supports an octahedral structure for 
the ]Vln(lI) ion in a high spin statc.^ '* 
The brown coloured Fe(ll) complex exhibits a charge transfer and a band in 
the visible region at 11,642 cm ', which may be assigned as ^Eg <— ^T2g.-^  The 
magnetic moment value for the Fe(II) complex (5.28 /A^} is very close to that of 
high spin octahedral Fe(II) complexes. 
Octahedral Co(II) complexes are typically pale red or purple in colour with 
three spin allowed electronic transitions to the excited quartet state; the '*A2„ level 
IS usually close to the ^ T|g(P) level and the transitions to these two levels are close 
together. Three absorption bands at 24,691, 22,075 and 19,230 em~' were ob-
served, con-csponding to 4T,g(P) <- 4T,g(F); 4A2g(F) <- 4T,g(F) and •*T2g(F) <-
'^ Tig(F) transitions, respectively.- '^' These bands in the visible region are consistent 
with spin allowed d-d transitions for an octahedral Co(Il) ion. The observed mag-
netic moment (4.40/<B) is consistent with the predicted high-spin value for an octa-
hedral Co(Il) complex, with a considerable orbital contribution to the overall mag-
netic moment.27-2S 
In case of the Ni(Il) complex, two bands^^ at 21,276 and 16,639 cm ' were as-
signed to 3T|g(F) <- ^A2g(F) and ^T2g(F) <- ^A2g(F) transitions, respectively. The 
magnetic moment for octahedral Ni(ll) complexes generally lies between 2.9-3.4 
ju^. The found value of 3.2 fi^ is well within the specified limit and a regular octa-
hedral geometry for the Ni(Il) ion is, therefore, proposed.^0 
The electronic spectrum of the Cu(ll) complex shows two d-d transitions in the 
visible region.-^ ' A broad hump at 11,274 cm ' and a band at 16,639 cm ' may reason-
ably be assigned as 2A| g <- ^Bjg and ^ Eg <- ^Big transitions, respectively. It has been 
1144 SIODIUl.'"/ 
reported that the magnetic moments of octahedral Cu (II) complexes fall in the region 
1.73 to 2.20^B.24 The observed magnetic moment (1.91 JUQ) supports a tetragonally 
distorted octahedral environment around the Cu(l]) ion in the Cu[H2B(BTz)2Jpy2 
complex. 
CONCLUSION 
A novel ligand sodium dihydrobis(l,2,3-benzotriazolyl)borate and its complexes 
with another complex IVICl2py2 have been synthesized. All the complexes are stable, 
nonionic and paramagnetic. An octaliedral geometry is proposed for all of them. 
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CHHTE3A. KAPAKTEPHaAUHJA H CnEKTPOCKOnCKO H3yHABAH>E 
flHXHflPOBHC(l,2,3-BEH30TPHA30JTHJI)BOPATHOr AHJOHA H H>ErOBHX 
KOMn.riEKCA CA MCI2 py2 
KF1WAJAS SIDDIQI AHMAD LMAR SHAHAB A A NAMI H SADAF KHAN 
Department 0/C hemistn 4li^atli Muslim Univnsilx 4li^iaih'202()02 Indfu 
Pec{).iiyKroBaH,eM jeAHor MOJia HaxpHjyM-SopxHftpHAa ca flsa MOJia l,2,3-6eH3orpna3o-
jta y TOJiycHy y TOKy 12 Macoea AOSHJCH je H OKapaKxepucaH HaTpHjyM-HHXHapo5Hc( 1,2,3-6c-
HjoipnaH).riHn)6opar IfceroBH KOMrineKCH ca MCI2 py2 [gde je M = Mn(II), Fe(II), Cofll), 
Ni(II), Cu(Il) H py = nnpHAHH] cy OKapaK rcpncaHH cjiCMCHTajTHOM anajiHjoM, MarHCXHHM, 
crieKxpocKoncKHM M McpcibHMa ripoBoajhHBociH Ha ocHOBy TOP npoyHaBaH.a iipcTiiocidB-
jteHa ]e OKxacAapcKd reoMe rpHja ja CBC KoMrmeKce. FlapaMCrpH jinraHAHor iTo.n>a 1 ODq, B H 
|3 noKajyjy SHa'iajHO npeK.iianaHje n3Me^y M-L opSuxajia MojiapHa npoBOAJtHBocx 10 ^  M 
pacxBopa KOMnncKca y DMSO yKaiyje Ha H>nxoBy HcjOHCKy npupoAy 
(npHMijeHol8 Maja2005 peBHfliipaHo 14 Maja 21)06) 
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Organotins as a Locking Agent in the Formation of Dinuclear Complexes 
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Abstract 
In this paper the synthesis and characterization of new heterobimetalHc compounds with a ligand derived from 
diacetylpyridine, hydrazine and salicylaldehyde has been reported. The open end of the Hgand was locked with 
R2SnCl2 followed by the insertion of a transition metal ion in the cavity thus formed by locking the ligand. These 
compounds are characterized by TGA/DSC, IR, ' H and '^CNMR, electronic spectra, magnetic moment and 
conductivity measurements. The disappearance of v(C)-H) and appearance of v(Sn-O) in the IR spectrum of the 
Sn(saldp)R2 {where saldp = bis(salicylaldehydehydrazone)diacetylpyridine and R = -CH3, -C4H9} suggests the 
complex formation with R2SnCl2. The IR spectra of the complexes exhibited a blue shift in v(C==N) indicating 
coordination of the azomethine nitrogen. The complexes are non-electrolytes in DMSO. The ' H N M R and 
'^CNMR spectra of the complexes are not much different from that of the free ligand except for the disappearance 
of the signal at 9 ppm due to phenolic protons. The methyl or butyl protons attached to the tin appear at their usual 
places. The TGA profile of the ligand and its mononuclear complexes exhibit a three-step pyrolysis, although the 
binuclear complexes decompose in two steps leaving behind tin oxide as the final product. 
Introduction 
Compartmental ligands, their mononuclear and dinu-
clear complexes have attracted a lot of attention in the 
recent years due to the key role they play in many 
synthetic and biological applications. Dinuclear metal 
complexes have been successfully used for the recog-
nition and assembly of various organic and inorganic 
moieties [1-3]. They are also employed as models for 
active centers of various metalloenzymes such as tyro-
sine which effects skin pigmentation [4] and as suc-
cessful devices, to host and carry small molecules or 
ions as a guest and as catalyst [5]. Consequently, sev-
eral workers have continued to investigate the struc-
tural and magneto chemical aspects of binuclear 
complexes with a variety of bridging systems [6-7]. 
Since heterodinuclear complexes containing both tran-
sition as well as non transition metal ions are scarce 
[8], we are attempting, to probe the structural, mag-
neto-chemical and thermal properties of heterodinu-
clear complexes containing late 3-d transition metal 
ions and dialkyltindihalides. In continuation of our 
work on dinuclear systems [9-10], we are reporting, a 
novel compartmental ligand composed of diacetyl-
pyridine, hydrazine and salicylaldehyde, H2saldp 
(where saldp = bis(salicylaldehydehydrazone)diacetyl-
* Author for Correspondence E-mail khwajas_siddiqi(a(yahoo 
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pyridine). Although, diorganotins [R2SnX2] have been 
studied extensively as anticancer agents their use as 
ring closing agents is limited [11]. In the present study. 
diorganotin dichlorides R2SnCl2 (R = Me, Bu) have 
been exploited as locking agents leading to the for-
mation of a cavity of appropriate size [12] that 
encapsulates a transition metal ion. 
Experimental 
Hydrated metal chlorides (BDH), salicylaldehyde, di-
acetylpyridine (Fluka) and hydrazine hydrate (Ranb-
axy) were used as received. Methanol was used after 
distillation. Elemental analyses were carried out with a 
Perkin Elmer, Series II CHNS/O analyzer 2400, USA. 
Chloride was determined gravimetrically as AgCl [13]. 
IR spectra (4000-200 cm"') were recorded on a RXI 
FT-IR spectrometer as KBr discs. The conductivity 
measurements were carried out with CM-82T Elico 
conductivity bridge in DMSO. The electronic spectra 
were recorded on a Cintra 5GBC spectrophotometer in 
DMSO. Magnetic susceptibility measurements were 
done with a 155 Allied Research vibrating sample 
magnetometer at room temperature. The NMR spectra 
were recorded on a DPX-300 spectrometer in DMSO at 
room temperature. '^CNMR spectra were recorded in 
CDCI3. The TGA was performed with a Perkin 
Elmer thermal analyzer under nitrogen atmosphere 
360 
using calcinated AI2O3 as reference. The weight of the 
sample taken was 8 mg. The heating rate was kept at 
10 °C min~'. Melting points were determined by the 
Wiswo melting point apparatus. The metal contents 
were estimated by complexometric titrations [14]. 
Preparation of H2saldp 
Hydrazine hydrate (10 mmol, 0.5 mL) was dropwise 
added to a solution of 2,6-diacetylpyridine (5 mmol, 
0.82 g) dissolved in 25 mL of acetonitrile. After 2 h of 
stirring, a white precipitate was obtained which was left 
overnight. It was decanted, washed several times with 
acetonitrile and cold diethylether and dried in vacuo over 
CaCl2. The methanolic solution (25 mL) of this white 
precipitate (2 mmol, 0.38 g) was, subsequently allowed 
to react with salicylaldehyde (4 mmol, 0.42 mL). A 
yellow precipitate thus obtained was decanted, washed 
several times with methanol and ether and dried in vacuo 
(Figure 1). Anal. Calcd. for Hjsaldp, C23H21N5O2: C, 
69.2; H, 5.3; N, 17.5. Found: C, 69.0; H, 5.2; N, 17.4. 
m.p. 109 °C, Yield, 55%. 
Preparation of mononuclear complexes, Sn(saldp)R2 
To a methanolic solution 25 mL of H2saldp (2 mmol, 
0.38 gm), R2SnCl2 (where R = CH3 and C4H9) 
(2 mmol) dissolved in 20 mL of the same solvent was 
added, dropwise with continuous stirring. The reaction 
mixture was stirred for about 2 h to obtain a light-yellow 
thick precipitate. It was filtered through celite washed 
with methanol, cold diethyl ether and dried in vacuo 
(Figure 2). Anal. Calcd. for [(C23H,9N502)Sn(CH3)2]: C, 
54.9; H, 4.6; N, 12.8; Sn, 21.7. Found: C, 54.8; H, 4.5; N, 
12.7; Sn, 21.6. m.p. 144 °C, Yield, 62%. Calcd. for 
[(C23Hi9N502)Sn(C4H9)2]: C, 59.0; H, 5.9; N, 11.1; Sn, 
18.8. Found: C, 58.9; H, 5.8; N, 11.0; Sn, 18.7. m.p. 
191 °C, Yield, 67%. 
Preparation of heterodinuclear complexes, 
Sn(saldp)R2MX2 
In a well dissolved 20 mL methanolic solution of 
Sn(saldp)R2 (2 mmol), hydrated metal chloride 
(2 mmol) dissolved in the same solvent (20 mL) was 
added, dropwise to obtain an immediate precipitation of 
the respective binuclear complexes. The precipitate was 
decanted washed with methanol and cold diethyl ether 
and dried in vacuo (Figure 3). 
Anal. Calcd. for [(C23H,9N502)Sn(CH3)2MnCl2]: C, 
44.7; H, 3.8; N, 10.4; Sn, 17.7: Mn, 8.2. 
Found: C, 44.5; H, 3.7; N, 10.4; Sn, 17.5: Mn, 8.3. m.p. 
183 °C, Yield, 70%. 
Calcd. for [(C23Hi9N502)Sn(CH3)2FeCl2]: C, 44.6; H, 
3.7; N, 10.4; Sn, 17.6: Fe, 8.3. 
.^f^^ 
+ 
NH2 
NH2 
O 
II 
.c> 
+ 
H 
V^^OH 
4 , ^ N , 
Figure 1. Preparation of H2saldp. 
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A Hjsaldp + RjSnClj ^ • 
r ^ 
Figure 2. Preparation of mononuclear Sn(salclp)R2. 
Found: C, 44.4; H, 3.6; N, 10.4; Sn, 17.5: Fe, 8.4. m.p. 
103 °C, Yield, 68%. 
Calcd. for [(C23H,9N502)Sn(CH3)2CoCl2]: C, 44.4; H, 
3.7; N, 10.4; Sn, 17.5: Co, 8.7. 
Found: C, 44.3; H, 3.6; N, 10.3; Sn, 17.0: Co, 8.8. m.p. 
171 °C, Yield, 55%. 
Calcd. for [(C23H,9N502)Sn(CH3)2NiCl2]: C, 44.4; H, 
3.7; N, 10.4; Sn, 17.6; Ni, 8.7. 
Found: C, 44.2; H, 3.4; N, 10.3; Sn, 17.4: Ni, 8.9. m.p. 
118°C, Yield, 48%. 
Calcd. for [(C23H,9N502)Sn(CH3)2CuCl2]: C, 44.1; H, 
3.7; N, 10.3; Sn, 17.4: Cu, 9.3. 
Found: C, 44.0; H, 3.6; N, 10.2; Sn, 17.3: Cu, 9.4. m.p. 
149 °C, Yield, 72%. 
Anal. Calcd. for [(C23Hi9N502)Sn(C4H9)2MnCl2]: C, 
49.2; H, 4.9; N, 9.3; Sn, 15.7: Mn, 7.3. 
Found: C, 49.0; H, 4.8; N, 9.2; Sn, 15.6: Mn, 7.4. m.p. 
160 °C, Yield, 70%. 
Calcd. for [(C23H,9N502)Sn(C4H9)2FeCl2]: C, 49.2; H, 
4.9; N, 9.2; Sn, 15.7: Fe, 7.4. 
Found: C, 49.0; H, 4.4; N, 9.2; Sn, 15.4: Fe, 7.5. m.p. 
130°C, Yield, 70%. 
Calcd. for [(C23H,9N502)Sn(C4H9)2CoCl2]: C, 48.9; H, 
4.9; N, 9.2; Sn, 15.6: Co, 7.7. 
Found: C, 48.8; H, 4.6; N, 9.1; Sn, 15.2: Co, 7.9. m.p. 
185 °C, Yield, 65%. 
Calcd. for [(C23H,9N502)Sn(C4H9)2NiCl2]: C, 48.9; H, 
4.9; N, 9.2; Sn, 15.6; Ni, 7.7. 
Found: C, 48.3; H, 4.8; N, 9.2; Sn, 15.0: Ni, 7.8. m.p. 
135 °C, Yield, 58%. 
Calcd. for [(C23H,9N502)Sn(C4H9)2CuCl2]: C, 48.7; H, 
4.9;N, 9.1;Sn, 15.5: Cu, 8.3. 
Found: C, 48.4; H, 4.6; N, 9.1; Sn, 15.2: Cu, 8.4. m.p. 
155°C, Yield, 60%. 
Results and discussion 
The mononuclear complexes are conveniently obtained 
by the facile reaction between H2saldp and R2SnCl2 
(Figures 2 and 3) in 1:1 stoichiometry. 
H2saldp + R2SnCl2 Sn(saldp)R2 + 2HC1 
However,the binuclear complexes are obtained by sim-
ple insertion reaction of transition metal halides in the 
cavity formed by Sn(saldp)R2 in alcoholic medium. 
Their molar conductance of 1 mM solutions measured 
C + MCI2 
(where R = CH,, C4H9) 
Figure 3. Preparation of binuclear complexes 
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in DMSO indicated that they are non-electrolytes [15], 
The complexes are stable to heat and light. They are 
amorphous in nature, partially soluble in CHCI3, 
CH2CI2 and highly soluble in DMSO and DMF. An 
attempt is being made to recrystallize them in order to 
get their crystal structure solved. 
IR spectra 
The diagnostic IR bands of the complexes are summa-
rized in Table 1. The ligand and its mononuclear com-
plexes exhibit an intense band in 1648-1630 cm"' range 
due to azomethine nitrogen (C = N) [16]. It indicates the 
condensation of the C = 0 groups of salicylaldehyde 
with the amino groups of the flanked hydrazine moiety, 
affording the ligand H2saldp. However, in the binuclear 
complexes v(C = N) is shifted to a lower region (Fig-
ure 3) indicating coordination of the metal ions with the 
azomethine nitrogen [17]. A medium intensity band at 
3356 cm"', characteristic of v(O-H) of the ligand was 
found to be absent in the complexes (Figure 2). 
The far-IR region is quite cardinal in the present 
study. In all the metal complexes the presence of a 
medium intensity band in 255-298 cm"' range assign-
able to v(Sn-O) [18], establishes the use of R2SnCl2 as a 
locking agent and the formation of a cavity. As there is 
only one band in this region a linear 0-Sn-O coordi-
nation is expected [19]. The medium intensity bands 
observed at 1450 and 1357 cm"' can be associated with 
the composite v(C = C) and v(C = N) vibrations in 
agreement with the other authors [20]. 
Occurrence of some new bands in the far-IR range 
(330-380 cm"') is consistent with the v(M-N) [21]. 
Electronic spectra and magnetic moments 
The electronic spectral bands and the magnetic moments 
of the complexes are summarized in Table 2. An octa-
hedral Mn(II) complex gives spin forbidden as well as 
parity-forbidden bands [22]. In addition to the band due 
to n-7t transition the electronic spectrum of Mn(II) 
complex in DMSO exhibits three spectral bands in the 
region 31,521-30,735 cm"'; 23,454-21,453 cm"' and 
17,851-17,689 cm"' which have been assigned to 
^Tig(P) <- «A,g; ^T2g(G) ^ ^A,g and ''T,g(G) <-
®Aig transitions, respectively. The high spin d^  configu-
ration gives an essentially spin-only magnetic moment of 
~5.9 B.M. and is temperature independent. The mag-
netic moment in this case is very close to spin free 
octahedral Mn(II) ion [23]. 
The room temperature magnetic moment values are 
found to be 5.09 and 5.21 B.M. for Sn(saldp)Me2FeCl2 
and Sn(saldp)BuFeCl2 complexes, respectively. These 
values are in close agreement with those of Fe(salen) [24] 
and Fe(salen)py2 [25]. The electronic spectrum of Fe(II) 
complexes display two charge transfer bands besides a 
broad d-d band (Table 2). The charge transfer 
bands observed in the 28,000-33,400 cm"' might be due 
to n-K* transition [26] of the azomethine group. 
The spectra of Sn(saldp)Me2CoCl2 and Sn(saldp)-
BU2C0CI2 have identical features, indicating similar 
stereochemistry around the Co(II) ion. The former 
shows absorptions at 20,790, 15,552 and 11,146 cm"' 
and the latter exhibits bands at 22,321, 16,474 and 
11,272 cm"' (Table 2). The low frequency band at 
around 11,000 cm"' is characteristic of Co(II) ion with 
an octahedral arrangement [27]. The observed magnetic 
moment values (4.14 and 4.20 B.M.) are within the 
predicted range for a high-spin Co(II) ion with consid-
erable orbital contribution to the overall magnetic mo-
ment [28]. 
Electronic spectra of octahedral Ni(II) complex is 
known to exhibit three spin allowed electronic transi-
tions from A^2g ground state to ^Tig(P), ^Tig(F) and 
^T2g(F) excited states, respectively [29]. In the case of 
Sn(saldp)Me2NiCl2 and Sn(saldp)Bu2NiCl2, three 
absorption bands in the range 22,779-22,371 cm"' (vO, 
15,847-15,384 cm"' (vj) and 11,764-12,544 cm"' (V3) 
have been observed. The vj due to one of the spin 
allowed electronic transitions in the visible region is 
Table I. Diagnostic IR bands of ligand and its monometallic and bimetallic analogs 
Complex v(O-H) v(C = N) Composite v(M-N) v(M-Cl) v(Sn-O) 
1638 s 
1620 s 
1620 s 
1620 s 
1620 s 
1620 s 
1620 s 
1620 s 
1620 s 
1620 s 
1620 s 
1620 s 
1620 s 
v(C = C) 
1450 m 
1450 m 
1450 m 
1450 m 
1450 m 
1450 m 
1450 m 
1450 m 
1450 m 
1450 m 
1450 m 
1450 m 
1450 m 
v(C = N) 
1357 m 
1357 m 
1357 m 
1357 m 
1357 m 
1357 m 
1357 m 
1357 m 
1357 m 
1357 m 
1357 m 
1357 m 
1357 m 
-
478 m 
424 m 
432 m 
438 m 
424 m 
416 s 
432 m 
432 m 
416 m 
486 m 
478 m 
424 m 
-
-
-
354 m 
347 m 
362 m 
331 m 
339 m 
324 m 
301 m 
331 m 
308 m 
362 m 
-
293 m 
293 m 
300 m 
255 m 
278 m 
287 m 
298 m 
285 m 
293 m 
268 m 
278 m 
276 m 
H2sa)dp 
Sn(saldp)Me2 
Sn(saldp)Bu2 
Sn(saldp)Me2MnCl2 
Sn(saldp)Me2FeCl2 
Sn(saldp)Me2CoCl2 
Sn(saldp)Me2NiCl2 
Sn(saldp)Me2CuCl2 
Sn(saldp)Bu2MnCl2 
Sn(saldp)Bu2FeCl2 
Sn(saldp)Bu2CoCl2 
Sn(saldp)Bu2NiCl2 
Sn(saldp)Bu2CuCl2 
3356 s 
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Table 2 Magnetic susceptibility, electronic spectra and ligand field parameters of the complexes 
Compounds 
Sn(saldp)Me2MnCl2 
Sn(saldp)Me2FeCl2 
Sn(saldp)Me2Coa2 
Sn(saldp)Me2NiCl2 
Sn(saldp)Me2CuCl2 
Sn(saldp)Bu2MnCl2 
Sn(saldp)Bu2FeCl2 
Sn(saldp)Bu2Coa2 
Sn(saldp)Bu2NiCl2 
Sn(saldp)BuiCuCl2 
Magnetic 
moment (B M ) 
5.78 
5 30 
4 14 
3 21 
I.9I 
581 
5.44 
4.20 
3 34 
1.94 
Electronic 
bands (cm"') 
30,735 
21,453 
17,689 
16,572 
20,790 
15,552 
11,146 
22,371 
15,847 
11,764 
21,005 
31,521 
23,454 
17,851 
16,475 
22,321 
16,474 
11,272 
22,779 
15,384 
12,544 
19,608 
Loge 
(mol"' cm^) 
2.9 
2.4 
2.0 
3.2 
2.7 
2.5 
2.2 
2.6 
2.2 
1.8 
2.7 
2.9 
2.3 
2.0 
2.9 
2.5 
2.4 
2.5 
2.4 
1.7 
1.4 
2.6 
Possible assignments 
"TigCP) 
"TjgCG) 
"TigCG) 
^E 
^ g 
"Ti /P) 
*A2g(F) 
"TjgCF) 
'T„(P) 
'T,g(F) 
'T2g(F) 
^E 
"TigCP) 
"TjgCG) 
"TigCG) 
'E 
' 'g 
"TiglP) 
'A2g(F) 
'T2g(F) 
'T,g(P) 
'T,g(F) 
'T2g(F) 
^E 
«-
«— 
<-
<— 
<-
<-
<— 
«-
«-
<— 
«— 
<— 
<r-
<-
<-
<-
«-
<— 
<r-
«r-
<~ 
(-
«A,g 
'A,g 
'A,g 
% 
"TigCF) 
"T.gCF) 
"TigCF) 
'A2g(F) 
'A2g(F) 
'A2g(F) 
Big 
'Aig 
'A,g 
'Aig 
% 
'Tig(F) 
"TigCF) 
*Tig(F) 
'A2g(F) 
'A2g(F) 
'A2g(F) 
Big 
10 Dq 
(cm-') 
17,670 
16,572 
12,030 
11,760 
-
16,785 
16,475 
12,080 
12,380 
-
B 
(cm-') 
427 
-
334 
392 
-
439 
-
402 
279 
-
P 
0 83 
-
0 65 
0 62 
-
0 85 
-
0 78 
-
assigned to •'Tig(P) <- ^A2g(F). The position of middle 
band (V2) has been attributed to ^Tig(F) <- 'A2g 
transition. The ligand field parameters viz. 10 Dq, B 
(Racah parameter), /? (Nephelauxetic ratio) are almost 
identical for Sn(saldp)Me2NiCl2 and Sn(saldp)Bu2. 
NiClj. These values reflect that the M-L bond is suffi-
ciently strong, which in turn suggests enough 
overlapping of metal orbitals with those of the ligand. 
The compounds are paramagnetic with room tempera-
ture magnetic moment values ranging between 3.21 and 
3.34 B.M. 
Octahedral Cu(II) complexes are known to exhibit 
four absorption bands, but only one broad band is 
generally observed [30]. Such a case arises due to the 
masking of less intense d-d bands by the strong charge 
transfer bands [31]. In the present study a broad band in 
21,005-19,608 cm"' (Table 2) has been observed. Prac-
tically, for an octahedral Cu(II) complex the room 
temperature magnetic moment value ranges between 1.8 
and 2.0 B.M. [32]. In the present work, the small in-
crease from the spin-only value is due to the mixing of 
some orbital angular momentum from excited states via 
spin-orbit coupling phenomenon [33]. The electronic 
spectra and the magnetic moment data are consistent 
with an octahedral structure for Cu{II) ion. 
TGA/DTG 
The samples were heated at uniform rate of 20 °C min"'. 
The TGA profile of the ligand (H2saldp) consists of two 
well-defined stages (Table 3). The first decomposition 
stage starts at 110 "C and continues [34] until 470 °C. It 
corresponds to the degradation of two salicylaldehyde 
moieties contributing 57.14% weight loss (calcd. 
57.15%). The second stage starts from 500 °C and con-
tinues until 800 °C which is consistent with the degra-
dation of the remaining part of the molecule. Generally, 
the TGA steps corresponding to deamination involve 
sudden weight losses, accompanied by relatively sharp 
peaks in corresponding DTG curve [35]. 
In the present case, the DTG curve of the ligand 
shows an intense sharp exothermic peak for the rapid 
pyrolysis of salicylaldehyde moieties. However, there is 
no distinct peak corresponding to the second step. 
The mononuclear complexes exhibit three stage 
thermograms in the range 200-350, 350-450 and 450-
800 °C, respectively. The first stage accounts for about 
20% weight loss corresponding to the degradation of 
diacetylpyridine fragment while the second stage corre-
sponds to the liberation of two nitrogen molecules. The 
third stage of pyrolysis is consistent with the decompo-
sition of the remaining part of the molecule containing 
Sn as Sn02 [36]. The DTG profile in the present case is 
quite diagnostic. A sharp exothermic peak is observed 
for the first step while a weak endotherm may be 
attributed to the liberation of nitrogen. Moreover, a 
sharp exothermic peak in the end corresponds to the 
oxidation of Sn to Sn02. 
The TGA profile of the bimetallic complexes is rel-
atively simple and consists of two discrete stages. The 
initial stage corresponds to the simultaneous loss of 
chlorine, diacetylpyridine and two alkyl groups. The 
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Table 4 ' H N M R spectra of the ligand and its complexes 
Complex 5(CH,) of diacetylpyndme i5(C-H) of sahcylaldehyde 5(0-H) of salicylaldehyde 
H2saldp 
Sn(saldp)Me2 
Sn(saldp)Bu2 
Sn(saldp)Me2MnCl2 
Sn(saldp)Me2FeCl2 
Sn(saldp)Me2CoCl2 
Sn(saldp)Me2NiCl2 
Sn(saldp)Me2CuCl2 
Sn(saldp)Bu2MnCl2 
Sn(saldp)Bu2FeCl2 
Sn(saldp)Bu2CoCl2 
Sn(saldp)Bu2NiCl2 
Sn{saldp)Bu2CuCl2 
2 18 (s) 
2 15(s) 
2 17(8) 
2 18 (s) 
2 19 (s) 
2 19 (s) 
2 14 (s) 
2 17 (s) 
2 20 (s) 
2 18 (s) 
2 20 (s) 
2 20 (s) 
2 21 (s) 
6 99(s) 
6 99 (s) 
6 99 (s) 
6 99 (s) 
6 99 (s) 
6 98 (s) 
6 99 (s) 
6 99 (s) 
6 98 (s) 
6 97 (s) 
6 98 (s) 
6 98 (s) 
6 97 (s) 
9 0{s) 
Note ' H NMR of (C5H5N) and (CeHs) appear as a multiplet m the range 5 = 82-88 and 74-76 respectively 
second stage corresponds to the degradation of the 
remaining part of the molecule containing Sn in its oxide 
form. The DTG curve exhibits a solitary peak in the 
200-350 °C range. 
'HNMR and "CNMR spectra 
The ' H N M R spectra of the H2saldp exhibits singlets at 
(5 = 2.18 and 6.99 ppm corresponding to the methyl 
protons of the diacetyl moiety and C-H of the salicyl-
aldimme moiety, respectively [37]. Two sets of multiplets 
were observed at ^ = 8.2-8.8 due to the pyridinium 
protons while the multiplet at 5 = 7.4-7.6 corresponds 
to the phenyl protons of the salicylaldimine moiety [38] 
of the ligand and its complexes (Table 4). A low field 
signal at 5 = 9.0 ppm may be due to the phenolic 
protons of salicylaldimine in case of H2saldp and was 
found to be absent in case of its metal complexes 
implying their formation. It may be noted that the 
chemical shifts of the complexes are almost similar to 
those of the free ligand. However, in case of complexes 
an additional triplet was observed corresponding to the 
flanked methyl groups at 5 = 0.8. For butyl analogs, 
three set of multiplets at ^ = 1.5, 1.31 and 1.29 ppm 
were observed. Moreover, disappearance of the signal 
due to 0-H proton of the salicylaldehyde is evidenced 
by the formation of Sn-0 bond. 
The '^CNMR spectra of the ligand, Hjsaldp exhibit 
signals at ^  = 165, 124.5 and 137 ppm corresponding to 
C1/C5, C2/C4 and C3 respectively [39] (Figure 1). These 
signals are shifted to lower regions in the complexes 
implying coordination [40] (Table 5). Another set of 
signals were observed in the region d = 17.2 and 157 
attributed to C7/C16 and Cg/Cis. The peaks due to aro-
matic carbons were observed in the region 5 = 112.3-
147. However, the Cg/Cn were located at i5 167 ppm 
(Table 5). The methyl carbon attached to tin were ob-
served at about 3= 8.12 ppm [41] while the butyl car-
bons were observed at about 3 = 27.5, 25.4, 25 1 and 
13 ppm respectively [42]. 
Table 5 "CNMR spectra of the ligand and its complexes 
Complex 
H2saldp 
Sn(saldp)Me2 
Sn(saldp)Bu2 
Sn(saldp)Me2MnCl2 
Sn(saldp)Me2FeCl2 
Sn(saldp)Me2CoCl2 
Sn(saldp)Me2NiCl2 
Sn(saldp)Me2CuCl2 
Sn(saldp)Bu2MnCl2 
Sn(saldp)Bu2FeCl2 
Sn(saldp)Bu2CoCl2 
Sn(saldp)Bu2NiCl2 
Sn(saldp)Bu2CuCl2 
C,/C5 
165 
164 5 
164 3 
162 9 
162 7 
163 5 
163 9 
162 7 
163 9 
162 9 
162 7 
162 7 
162 5 
C2/C4 
124 5 
124 8 
124 3 
123 5 
122 8 
123 9 
124 5 
123 5 
124 5 
123 5 
123 5 
122 8 
123 9 
C3 
137 
137 
139 
136 8 
136 7 
135 9 
138 
138 1 
136 8 
136 8 
138 1 
136 7 
136 8 
C6/C,5 
157 
154 
156 
155 2 
154 9 
155 3 
155 7 
155 2 
154 8 
155 2 
155 7 
154 9 
156 
C7/C,6 
172 
16 4 
159 
155 
156 
157 
159 
157 
15 5 
155 
159 
156 
16 1 
Cs C|7 
167 
164 
163 
161 8 
16) 8 
162 8 
162 1 
1614 
162 
1619 
162 1 
161 8 
163 1 
Note "CNMR of aromatic carbons appear m the region 5 = 112 3-147 ppm 
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Conclusions 
The present work describes the synthesis of heterobi-
metallic complexes incorporating both transition as well 
as a non-transition metal ion in close proximity These 
complexes may serve as models to mimic polymetallic 
active sites m biological systems The methodology 
employed is high yielding, and analytically pure com-
pounds are obtained 
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Abstract 
Sn(tch)2{MCl2}2 was prepared from the precursor Sn(tch)2 and MCI2 It was subsequently allowed to react with diethyldithiocarbamate which 
yielded the tnnuclear complexes of the type Sn(tch)2{M2(dtc)4}, where tch = thiocarbohydrazide, M = Mn(II), Fe(n), Co(II) Ni(II) Cu(II) and 
dtc=diethyldithiocarbamate They were charactenzed on the basis of microanalytical, thennal (TGA/DSC), spectral (IR, UV-vis EPR 'HNMR) 
studies, conductivity measurement and magnetic moment data. On the basis of spectral data a tetrahedral geometry has been proposed for the hahde 
complexes, Sn(tch)2 {MCI2}2 except for Cu(n) which exhibits a square planar coordinatton although the transition metal ion in Sn(tch)2 {M2(dtc)4} 
achieves an octahedral geometry where the dithiocarbamato moiety acts as a symm^ncal bidentate ligand The bidentate nature has been established 
by the appearance of a sharp single v(C-S) around 1000 cm"' A downfleld shift observed in NH, and NHb protons on moving from Sn(tch)i to 
Sn(tch)2{MCl2}2 IS due to the dnft of electrons toward metal atoms A two-step pyrolysis has been observed in the Sn{tch)2{MCl2}i complexes 
while their dithiocarbamato derivatives exhibit a three-stage degradation pattern 
Finally, the m vitro antibacterial activity of Sn(tch)2{M2(dtc)4} and the mononuclear Sn(tch)2 has been earned out on bacterial strains Escherichia 
coll and Salmonella typhi The compounds were found to be active against the test organisms The activity of the complexes is enhanced with 
increasing concentration The maximum activity in both the strains was achieved by cobalt(n) dithiocarfoamate complex Minimum activity wai 
found for Sn(tch)2 which generally increases with the introduction <rf transition metal ion in the complex 
© 2006 Elsevier B V All rights reserved 
Keywords Thiocaibohydrazide Oithiocarbamates Tnnuclear complexes. Antibacterial activity 
1. Introduction 
Macrocyclic ligands acquire sigmficance due to their flex-
ibility under both, the neutral and deprotonated forms [1,2] 
Transition metal complexes with such Iigands have a wide range 
of biological and chemical properties [3] Thiocarbohydrazides 
constitute an important class of N, S donor ligands possessing 
interesting cheimcal, biological and medicinal properties [4,5] 
These systems contain N-C-N structural units and form chelate 
nngs giving nse to mononuclear and polynuclear complexes of 
varying strength and comjdexity [6] The broad pharmacologi-
cal activity of these species is thought to be dependent on the 
chelate formation and the cavity provided by the ring [7] 
* Corresponding author Tel +91 9837284930 
£ mail address khwaja$^iddiqi@yahoo co in (K S Siddiqi) 
Dithiocarbamates on the other hand are organosulfur com 
pounds beanng robust synthetic and chemical properties [8 9] 
They form complexes with almost all elements Commercially 
dithiocarbamates are well known for their application as NO-
trapping agents, lubricants, vulcamzers, photovoltaic material 
holographic recording system, solar control devices [10-12] 
Also they are used in the removal of heavy metals [13 14] 
Dithiocarbamato denvatives of tin are considered as promis-
ing species in the treatment of carcinoma [l'i,16] When such 
complexes are coupled with other bgands and metal ions the 
pharmacological efficacy is enhanced manifold 
In the present work, thiocarbohydrazide bndged tnnuclear 
metal complexes and their dithiocarbamates have been synthe-
sized and charactenzed in order to study their spectral, thermal 
properties besides their antibactenal activity The insertion of 
tin(rV) at a central position offers an opportunity to explore the 
vandtion in magnetic moment of transition metal ions m pres 
ence of a non-transition metal 
1386-1425/$ - see front matter © 2006 Elsevier B V All nghts reserved 
doi 101016/jsaa.200609 019 
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2. Experimental 
Hydrated metal chlorides (Merck), hydrazine hydrate, carbon 
disulfide (s.d. fine), stannic chloride anhydrous (Loba Chem-
mie) and sodium diethyldithiocarbamate (BDH) were used as 
received. Methanol was distilled prior to use. Elemental analy-
ses (C, H, N and S) were carried out with a Carlo Erba EA-1108 
analyzer. The metal contents were estimated by complexometric 
titration [17]. IR spectra (4000-400 cm"') were recorded on a 
RXl FT-IR spectrometer as KBr disc while the 600-200cm"' 
range was scanned with Csl on a Nexus FT-IR Thermo Nico-
let, Madison Wisconsin. EPR sfwctra of copper complexes were 
recorded on a RE-2X Jeol EPR, spectrometer fitted with 100 kHz 
field modulation. The electronic spectra were recorded on a 
Cintra 5GBC spectrophotometer in DMSO. The NMR spec-
tra were recorded on a DPX-300 spectrometer in DMSO at 
room temperature. The conductivity measurements were carried 
out on a CM-82T Elico conductivity bridge in DMSO. Mag-
netic susceptibility measurements were done with a 155 Allied 
Research vibrating sample magnetometer at room temperature. 
TGA was performed with a Perkin-Elmer (Pyris Diamond) ther-
mal analyzer under nitrogen atmosphere using alumina powder 
as reference. The weight of the sample was between 8 and 12 mg 
and the heating rate was maintained at 10 °C/min. 
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2.1. Synthesis of thiocarbohydrazide (Hztch) 
To a vigorously stirred solution of 99% hydrazine hydrate 
(400 mmol, 20.0 mL) was dropwise added neat carbon disulfide 
(80 mmol, 7.8 mL) in an ice bath. After refluxing this mixture 
for 25 min it was cooled to 0°C to obtain a yellow crystalline 
product. It was filtered and washed several times with ethanol, 
chilled diethyl ether and dried in vacuo. 
2.2. Synthesis ofSn(tch)2 
To a hot methanolic solution (20 mL) of H2tch (8 mmol, 
0.85 g) was added 99% SnCU (4 mmol, 1.04g) and the mix-
ture was refluxed for 3 h till it became homogeneous. A few 
+ 2 MCI, 
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Fig. 2. Synthesis of Sn(tch)2{MCl2 }2, where M = Mn(II), Fe(II), Co(II), Ni(II) and Cu(ll). 
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Fig 3 Synthesis of tnnuclear transition metal complexes Sn(tch)2{M2(dtc)4}. 
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drops of tnethylamine were then added to cause precipitation 
and the refluxing was continued for additional 2 h The solvent 
was removed by filtration, which afforded a hght-yellow solid 
(Fig 1) It was washed with methanol and dned m vacMO 
2 3 Synthesis of Sn(tch)2{MCl2}2 
To a well stirred solution of Sn(tch)2 (2mmol) in methanol 
(15 mL) was added 10 mL solution of metal dichlonde (4 mfliol) 
in the same solvent This resulted in an immediate precipitation 
ofthe complexes (Fig 2) However, in a few cases refluxing was 
also earned out in order to ensure complete precipitation It was 
filtered, washed with methanol, chilled ether and dned in vacuo 
2 4 Synthesis ofSn(tth)2 [M2(dtc}4 } 
A mixture of Sn(tch)2{MCl2}2 (2mmol) and sodium 
diethyldithiocarbamate (Nadtc) (4 mmol) in methanol (25 mL) 
was stirred for 3 h which afforded a thick precipitate (Fig 3) It 
was filtered washed carefully with methanol and cold ether and 
dned in vacuo The punty of all the complexes was checked by 
TLC(CHCl3MeOH=15 1) 
3. Results and discussion 
The complexes Sn(tch)2, Sn(tch)2{MCl2}2 and Sn(tch)2 
{M2(dtc)4} were prepared as follows and gave satisfactory ele-
mental analyses (Table 1) (where dtc = diethyldithio-carbamate, 
M = Mn(II), Fe(II), Co(II), Ni(ll) and Cu(II)) 
Sn(tch)2 + 2MC12-* Sn(tch)2{MCl2}2 (1) 
Sn(tch)2{MCl2}2 +4Nadtc Sn(tch)2{M2(dtc)4} + 4NaCl 
(2) 
The Sn(tch)2{MCl2}2 and its dithiocarbamato complexes 
are stable at room temperature The conductivity measurement 
(10~^ M) m DMSO indicated their non-electrolytic nature [18] 
The coloured complexes are soluble in DMSO and DMF and 
are insoluble in common organic solvents so all the attempts to 
recrystallize these complexes were unsuccessful 
3 1 IR spectra 
Unlike thiosemicarbazone, the thiocaibohydrazide and its 
complexes have not been found to exhibit keto-enol tautomensm 
[19], which IS evidenced by the absence of absorption bands m 
2600-28(X)cm"' (Fig. 4). Although there are five donor sites, 
the tch acts as a bidentate ligand On moving from free tch to 
Sn(tch)2 the v(N-H) is blue shifted (Table 2) This band was 
further lowered in Sn(tch)2{MCl2}2 suggesting the formation of 
M-N coordinate covalent bond Smce the v(C=S) of tch remains 
unaltered it is ascertained that it does not bind the metal ion 
[20] 
The corresponding metal dithiocarbamates of 
Sn(tch)2{M2(dtc)4} (Fig 3) exhibit single sharp u(C=S) 
band in 995 ± 6 cm"' range which is due to symmetncally 
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Table 2 
Diagnostic IR bands of the ligand, its mononuclear and tnnuclear complexes 
Complex 
H2tch 
Sn(tch)2 
Sn(tch)2{MnCl2}2 
Sn(tch)2{FeCl2}2 
Sn(tch)2{Coa2}2 
Sn(tch)2{NiCl2}2 
Sn(tch)2{CuCl2}2 
Sn(tch)2{Mn2dtC4} 
Sn(tch)2{Fe2dtC4} 
Sn(tch)2{C02dtC4} 
Sn(tch)2{Ni2dtC4} 
Sn(tch)2{Cu2dtC4} 
u(N-H) 
3220 s 
3198s 
3171s 
3172s 
3nos 
3174s 
3168s 
3146s 
3153s 
3162 s 
3155s 
3154s 
v(C N) 
-
-
-
-
-
-
-
1609s 
1604s 
1605 s 
1604s 
1606s 
"(C S) 
-
-
-
-
-
-
-
1001s 
992 s 
1000 s 
995 s 
988 s 
v(C=S) 
-
759 s 
763 s 
760 s 
760 s 
762 s 
763 s 
760 s 
761s 
762 s 
763 s 
760 s 
v(Sn-N) 
-
472 m 
458 m 
454 m 
458 m 
458 m 
460m 
461m 
462 m 
458 m 
459 m 
465 m 
U(M-N) 
-
-
438 w 
427 w 
432 w 
434 w 
438 w 
429 w 
425 w 
428 w 
440w 
431 w 
u(M-S) 
-
-
-
-
-
-
-
408 m 
385 m 
364 m 
368 m 
492 m 
4000 0 30OO 2000 1500 
cm-1 
1000 400 
Fig 4 IR spectrum of Sn(tch)2{Co(dtc)2}2 exhibmng bidentate dithiocarbam-
ato moiety 
bound dithiocarbamato moiety, although the same band splits 
when It behaves as a monodentate ligand [21]. However, the 
band near 1500 cm""' is a characteristic of NCS2 and exhibits 
partial double bond character in the SaC- • NR2 bond. This may 
be due to the delocalization of electron cloud over the S2CNR2 
region leading to the following possible resonating structures. 
R,N-
-^ R2N-
„ / 
s-
-»>R2N-
range, which is m agreement with the observations made by 
other workers [25]. 
3.2. Electronic spectra and magnetic moments 
Generally, the high-spin tetrahedral Mn(ll) complexes exhibit 
spin-forbidden transitions unUke their octahedral analogs which 
shows both spin-forbidden as well as parity-forbidden bands 
[26]. This accounts for the extreme pale colour in case of octa-
hedral complex. The pale yellow coloured Sn(tch)2{MnCl2}2 
in DMSO shows a solitary d-d band at 16,680 cm~' assigned 
to ^Ti •«-*Ai transition. It also exhibits a broad strong charge 
transfer band centered at 35,450 cm~^ The magnetic moment 
of 5.77 BM is in proximity with the calculated spin-only value of 
5.9 BM mdicating a high spin tetrahedral arrangement of Mn(II) 
ion. 
However, the Sn(tch)2{Mn2dtC4} depicts three weak inten-
sity bands at 28,140, 21,520 and 15,490cm~' which have 
been assigned to ••Tig(P)*-«Aig, ' 'TjgCO^-^Aig and 
'*Tig(G)-<-*Aig transitions, respectively [27]. The low mag-
netic moment (5.69 BM) might be due to distortion from 
regular octahedral field. Thus the ligand field bands and 
- • RjN- V 
We have observed a strong band at 1495 cm""' that is inter-
mediate between v(C-N) and vCO^N) indicating a partial double 
bond character. Moreover, the v(C • N) seems to be insensitive 
to the nature of the metal [22], 
The region 350-500cm"' is quite crucial in elucidating the 
metal coordination. A band of medium intensity was observed at 
472 cm"' corresponding to v(Sn-N) and is shifted appreciably 
by 10-20 c m ' ' in the complexes [23]. This bathochromic shift 
imp]ie!> a partial drift of electrons due to the coordination with 
the metal centers. Also, the spectrum depicts medium intensity 
bands occurring in the far-lR region consistent with the M-S 
stretching frequency [24]. The v(M-S) depends on the nature of 
the metal ion and the substituents attached with the sulfur. We 
have observed medium intensity DCM-S) in the 408-364 cm"' observed attnbuting to ^Eg *- 'T2g transition. A low magnetic 
magnetic moment value support a distorted octahedral geometry 
for Sn(tch)2{Mn2dtC4} complex [28]. The Ugand field parame-
ters were calculated from Orgel energy level diagram using y2/i'i 
ratio. A low value of ^ (Scomplex/Biree-ioD) may be attributed to 
the low covalent character of metal ligand bond (Table 3). 
All the tetrahedral Fe(n) complexes are high-spin and dis-
plays only one spin allowed d-d absorption. A strong band at 
23,474 cm"' was observed in case of Sn(tch)2{FeCl2}2 corre-
sponding to ' E *- 'T2 transition while the magnetic moment 
value was found to be 5.35 BM corresponding to four unpaired 
electrons These observations are consistent with the tetrahe-
dral nature of Fe(II) in Sn(tch)2{FeCl2}2 [29]. However, in case 
of Sn(tch)2{Fe2dtC4} a broad band centered at 19,200cm"' is 
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Table 3 
Magnetic suscepcibihty, electronic spectra and ligand field parameters of the complexes 
Complex 
Sn(tch)2{MnCl2}2 
Sn(tch)2{FeCl2}2 
Sn{tch)2{Coa2}2 
Sn(tch)2{NiCl2}2 
Sn(tch)2{CuCl2}2 
Sn(tch)2{Mn2dtC4} 
Sn(tch)2{Fe2dtC4} 
Sn(tch)2{Co2dtC4} 
Sn(tch)2{Ni2dtC4} 
Sn(tch)2{Cu2dtC4} 
Magnetic 
moment 
(BM) 
5 77 
5 35 
4 38 
3 38 
1 82 
569 
2 22 
466 
3 81 
197 
Electromc 
bands 
(cm ') 
16680 
23474 
16500 18860 
9200 15460 
12150, 17933 
28140,21520, 
15490 
19200 
19608 
12445 15860, 
20980 
13890 18320 
logf 
(Lmol ' cm') 
2 2 
3 1 
2 1 , 3 7 
2 9 , 2 1 
2 9 , 2 1 
3 2 2 7,2 3 
2 4 
2 6 
3 5,3 1,2 5 
16, 1 1 
Possible assignments 
"T, * - % 
5 E « - ^ T 2 
''T2(F) f- ^A2(F), "T, (F) <- *A2(F) 
3 A 2 ( F ) «- ' T , (F), ' T , (P) <- ' T , (F) 
'Eg<-^Big, 'Aig-<-2Big 
' 'T ,g(P)<- 'A|g , ' 'T2g(G)^^Aig, 
• • T i g C O ^ - ^ g 
'Eg<-5T2g 
<T2(F) -^"AzCF), "TKF) <r-*\2(F) 
'T2g(P)-<-3A2g,3T,g(F)^3A2g, 
'T,g(P)<-5A2g 
2 B 2 g * - 2 B , g , % + 2A,g*-2B,g 
10Dq(cm ') B(cm 
15075 
16138 
1005 
1613 
0 30 
0 64 
moment value (2 22 BM) obtained in the present case may be 
diie the low spin-high spin cross-over phenomenon, which is 
quite common in dithiocarbamato complexes [30] 
Generally, the intense blue tetrahedral Co(II) complexes 
exhibit four d-d bands akin to pale red/purple Co(II) octa-
hedral complexes But generally, two transitions are observed 
in each case [31] Two strong bands are observed at 12,658 
and 18,182cm"' corresponding to ' 'T2 (F ) -« - ' 'A2 (F ) and 
' 'TI (F) f- ' 'A2(F) transitions, charactenstic of tetrahedral Co(II) 
ion However, in case of Sn(tch)2 {Co2dtC4 }, we observed bands 
at24,540and 17,480 cm- ' corresponding to "TigCP) *-''Tig(F) 
and '*T2g(F) <— ''Tig(F) transitions, respectively. These bands m 
the visible region are consistent with spin allowed d-d tran-
sition for an octahedral Co(n) ion The magnetic moment 
value of 4 38 and 4 66 BM further establishes the proposed 
tetrahedral and octahedral geometry for Sn(tch)2{CoCl2}2 and 
Sn(tch)2{Co2dtC4} complexes, respectively 
The tetrahedral Ni(Il) complexes exhibit strong 
bands as compared to their octahedral counterparts The 
Sn(tch)2{NiCl2}2 shows two bands at 9200 and 15,460cm~' 
corresponding to ^A2(F)-(-^TKF) and ^Ti(P)-c-^TiCF) 
transitions, respectively A low value of magnetic moment 
(3 38 BM) obtained m the present case, might be due to the 
deviation from the regular tetrahedral field [32] 
The Sn(tch)2{Ni2dtC4} complex gives a room tempera-
ture magnetic moment of 3.81 BM which IS in the range 
observed for octahedral complexes (2 9-3 3 BM) [33] Three 
well resolved d-d bands are observed at 12,445, 15,860 and 
20,980cm"' corresponding to 'T2g -«-^A2g, ^Tig(F) *-^^^^g 
and 'T|g(P)<-^A2g transitions, respectively The spectrum 
also shows two strong charge transfer bands at 29,490 and 
30,280 cm"' Thus an octahedral geometry for the Ni(n) ion 
IS ascertained [33] The Racah parameters (B and ^) obtained in 
the present case, indicates a considerable covalent character of 
the metal ligand bond (Table 3) 
The electronic spectrum of Sn(tch)2{CuCl2}2 shows two 
bands at 12,150 and 17,933cm"' assigned to ^Eg-^-^Big 
and ^Ajg -^-^Big transitions, respectively, and is interpreted 
m terms of square-planar geometry [34] The absence of any 
band below 10,000cm"' rules out the possibility of a tetrahe-
dral or pseudo-tetrahedral environment in the complex [35] The 
Sn(tch)2{Cu2dtC4} consists of a broad, low intensity band cen-
tered at I3,890andashoulderat 18,320cm"' The^Egand^Tag 
states of the octahedral Cu(II) ion spht under the influence of 
the tetragonal distortion causing three transitions, ^B2g •'—'Big 
^Eg •«-^Big and ^Aig <-^Big m an unresolved fashion [36] 
These assignments are m agreement with the general observa-
ticm that Cu(n) d-d transitions are normally close in energy [37] 
A moderately intense peak observed at 23,040 cm"' may be due 
to the bgand-metal charge transfer [38] The magnetic moment 
of 1.97 BM also falls within the range normally observed for 
octahedral Cu(n) complexes further supporting an octahedral 
environment around the Cu(Il) ion 
3 3. EPR spectra 
The 300 K EPR spectra of the powdered Sn(tch)2{CuCl2}2 
and Sn(tch)2{Cu2dtC4} exhibit g\i and g± regions but do not 
reveal the mtrogen couphng. The spectrum is typically axial with 
d;t2_y2 as the ground state. Since the spectrum was recorded at 
room temperature, hyperfine splitting was not observed which 
IS diagnostic in determining the number of nitrogen atoms coor-
dinated to the Cu(Il) ion The absence of any signal around 
1600±100G for Sn(tch)2{CuCl2}2 and Sn(tch)2{Cu2dtC4} 
complexes are indicative of zero exchange interaction between 
the two peripheral Cu(n) atoms This unphes that the bndg-
ing thiocarbohydrazide moiety does not transfer any coupling 
between the two Cu(n) ions [39] The EPR parameters (g|| = 2 28 
and gx=2.06) obtained in case of Sn(tch)2{CuCl2}2 i^re in 
close agreement for a cubic ligand field in square planar com-
plexes [40] which IS also corroborated from their UV-vis data 
However, the EPR spectrum of Sn(tch)2{Cu2dtC4} gave sig 
nals corresponding to g|| =2 18 and gx = 2 14, consistent with 
an axially elongated geometry with g|| > gx > 2 06, suggest 
mg that the unpaired electron probably resides in the d^ 2_^ ,2 
orbital [41]. Moreover, the broademng and sphtting of the g± 
might be due to the overlap of g|| and gx components con 
firming a lowered site symmetry [42] Thus, the EPR data 
supports a distorted octahedral geometry for Sn(tch)2{Cu2dtC4} 
[43]. 
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Table 4 
' H NMR spectra of Sn(tch)2 and its complexes 
Complex 
Sn(tch)2 
Sn(tch)2{MnCl2}2 
Sn(tch)2{FeCl2}2 
Sn(tch)2{CoCl2}2 
Sn(tch)2{NiCl2}2 
Sn(tch)2{CuCl2}2 
Sn(tch)2{Mn2dtC4} 
Sn(tch)2{Fe2dtC4} 
Sn(tch)2{Co2dtC4} 
Sn(tch)2{Ni2dtC4} 
Sn(tch)2{Cu2dtC4} 
SNH, 
(ppm) 
8 59 
864 
8 68 
866 
8 69 
8 70 
8 81 
8 80 
8 83 
8 84 
8 80 
i5NHb 
(ppm) 
8 92 
8 97 
8 94 
896 
8 98 
8 98 
8 88 
8 92 
8 94 
9 93 
8 95 
«(CH2) 
(ppm) 
_ 
-
-
-
-
-
3 48q 
3 52q 
3 58q 
3 51q 
3 4 4 q 
«(CH3) 
(ppm) 
-
-
-
-
-
-
l O l t 
I 0 5 t 
0 9 8 t 
106 t 
109 t 
3 4. 'H NMR spectra 
The ' H NMR spectra of Sn(tch)2 in DMSO exhibits two 
peaks at 5 8 59 and 8.92 corresponding to NHa and NHb protons, 
respectively. The downfield shift in the NHb proton might be due 
the coordination with the Sn-atom [44]. These peaks are further 
lowered in the halide complexes, Sn(tch)2{MCl2}2 complexes 
indicating a partial drift of electrons towards the peripheral metal 
ions (Table 4). 
However, the dithiocarbamto complexes show two more sig-
nals in addition to peaks for NHa and NHb protons. A quartet 
m 3.44-3.58 ppm range was observed for the methylene protons 
while the methyl protons were found to resonate as triplet in 
0.98-1.09ppm range [45]. 
3.5 TGA/DSC 
The mass losses, temperature ranges and final decomposi-
tion product for the complexes are presented in Table 5. The 
TGA curve of the mononuclear complex, Sn(tch)2 shows two 
major breaks. The first thermolytic break of Sn(tch)2 ranges 
between 170 and 198°C which corresponds to the liberation 
of two N2 molecules contributing 17.14% weight loss (calcd. 
17.01%). However, the second stage between 200 and 490 °C 
IS consistent with the decomposition of the total organic moiety 
leaving behind tin as the end product [46]. These findings are 
consistent with the DSC curves of Sn(tch)2 which exhibits peaks 
at 180, 280 and 465 °C and a small hump at 640 °C. The first 
peak IS sharp and endothermJc in nature implying that the loss of 
N2 IS an endothermic process. The degradation of organic moi-
ety exhibits a two-peak composite pattern; a sharp endothermic 
peak at 280 °C and abroad exothermic hump centered at 465 °C. 
However, the small exotherm observed at 640 °C might be due 
to the formation of elemental tin. 1 
The TGA profile of the trinuclear complexes 
Sn(tch)2{MCl2}2 IS relatively simple and consists of three 
discreet stages The first decomposition corresponds to the 
loss of two N2 molecules in the temperature range 45-170 °C 
(Table 5). The second stage is ascribed to a weight loss of about 
40% of the total weight of the complex corresponding to the 
decomposition of remaining organic moiety {C2H8N4CI4}. 
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The third stage is attnbutable to the formation of elemental 
tin in 395-650 °C range, which accounts for 20% weight loss. 
Metal sulfides are obtained as the end products in all the cases 
[47]. The TGA results are in close accord with the DSC curves. 
A sharp endotherm observed at 92 °C is attnbutable to the 
liberation of two N2 molecules whereas a strong exothermic 
peak observed at 250 °C may be suggested to be due to the 
degradation of organic moiety A strong hump centered at 
585 °C can be corroborated to the formation of elemental tin. 
Moreover there is no well-defined exotherm and endotherm for 
the formation of metal sulfide. 
The thermal analysis curves suggest that the decomposition 
of Sn(tch)2{M2dtC4} is in good agreement with the general 
pyrolysis pattern of metal dithiocarbamato complexes. Gener-
ally, the metal dithiocarbamates, on pyrolysis volatilize leav-
ing some residue or decompose to the corresponding metal 
sulfide [48]. In the present study, the first stage of decom-
position IS due to the liberation of eight ethene, six hydro-
gen and two N2 molecules contributing to about 29% of the 
total weight loss. The pyrolysis begins at 50 °C and contin-
ues up to 190 °C. This is a common feature of dithiocarba-
mates [49]. The second stage ranges from 220 to 390 °C and 
IS consistent with the degradation of remaining organic moi-
ety {C6H4NgS8}. The DSC curves of the complexes depict 
typical endotherms charactenstic of liberation of ethene, hydro-
gen and N2 molecules. A sharp exothermic peak is obtained at 
278 °C, associated with the loss of remaining organic moiety. A 
broad exothermic hump is centered at 480 °C, is attributable 
to the formation of elemental tin while there is no distinct 
peak or hump for the last process of formation of metal 
sulfide. 
3.6. Antibacterial activity 
Tin complexes as well as dithiocarbamato ligands are known 
for their biological interest as antifungal, antibacterial and bio-
cidal agents. Therefore the coordination of tin with dithiocar-
bamates would enhance such biological aspects [50]. In order 
to investigate the antibacterial activity of the Sn(tch)2 and 
Sn(tch)2{M2dtC4} complexes the experinwnts using disc dif-
fusion technique were carried out [51]. The zone of inhibition 
(mm) was measured against the bacterial strains Escherichia coli 
and Salmonella typhi. 
The compounds were dissolved in DMSO and the concen-
tration was kept in between 0.2 and 0.9mg/cm^. Whatman 
Filter Paper No. 1 discs of 5 mm diameter were dipped in 
the test solution. They were then placed over the petri plates 
previously seeded with the test organisms and incubated 
at 37 °C for 5h. The compounds during this span of time 
diffuse on the plates thus preventing the growth of bacteria 
in the discs around a specific zone DMSO was used as a 
control It IS visible from the results that the compounds 
containing the dithiocarbamato moiety inhibit the growth of 
bactena to a greater extent as compared to the mononuclear 
Sn(tch)2 and the control (Fig 5) due the combined effect 
of metal ion and dithiocarbamato moiety on the normal cell 
process. 
12-
1 p 1 1 1 
Com Sn(tth), 2Mn(lI) Cu(ll) NidU (o(l l l 
-Ecoli(0 2mt!,'cm3) 
-S lyphii (0 2 mg,cm3) 
-Ecoli (O'Imi; cm!I 
-S r\phM(0'>mgi.mt| 
Fig 5 Biologjcalactivity of Sn(tch)2 anditseomplexes Sn(tch)2{M2(dtc)4) 
4. ConcluskHi 
The halide and dithiocarbamato complexes of Sn(tch)2 were 
prepared and characterized by various analytical and spectral 
techniques. The anti-microbial activity of the dithiocarbamato 
complexes was evaluated by disc diffusion technique. The com-
pounds were found to be active against the bacterial strains E 
coli and S. typhi and the maximum activity is found in case of 
cobalt(II) dithiocarbamate complex. 
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B Abstract 
9 A macrocyclic ligand, bdta (where bdta = 3,6,9,12,15,18-hexaaza-l,2,10,l l-tetraphenyl-2,9,ll,18-tetraenecyclododecane) has been prepared by 
10 cyclocondensation of benzil with diethylenetriamine which efficiently encapsulates transition as well as pseudo-transition metal ions leading to the 
11 formation of M(bdta)a2 type complexes [where M = Mn(II), Fe(II), Co(n), Ni(II), Cu(Il), Zn(n), Cd(II) and Hg(II)]. The analytical, spectroscopic 
12 and magnetic moment data suggests an octahedral geometry for all the complexes. EPR spectra of Mn(II) and Cu(II) show considerable exchange 
13 interaction in the complex. They are non-conducting in DMSO. The TGA profile of the Ugand and its complexes are identical and consists of two 
14 discreet stages. The voltammogram of Cu-complex exhibits a quasi-reversible one-electron transfer wave for Cu(Il)/Cu(I) couple 
15 © 2(X)6 Published by Elsevier B.V. 
16 Keywords- Hexaazamacrocycle; Transition metal ions; EPR; IR; Electronic Studies 
1 1. Introduction 
2 In the last few years a great deal of research has been aimed to 
3 design macrocyclic complexes highly selective and sensitive to 
4 metal ions [ 1 ]. Among the various synthetic strategies proposed, 
5 the template condensation is one of the most highlighted. Metal 
6 template condensation often provides selective routes towards 
7 products that are not obtainable in the absence of metal ion [2]. 
8 The number and relative position of the donor atoms and the 
9 cavity size in the macrocyclic ligands confer these molecules 
10 with special reactivity [3]. For a particular diketone and diene, 
11 the control of reaction conditions and the ratio of the reactants 
12 permit to design the condensation product [4]. 
13 Ethanedionediphenyl, benzil is one of the most basic a-
14 dicarbonyl. Benzil and its related compounds have been 
15 extensively used as biologically active complexing agents and 
16 analytical reagents [5]. It is employed as a selective diketone to 
17 obtain macrocycles of desired cavity size and significant reac-
16 tivity [6]. It is observed that different products are obtained on 
19 varying the solvent, pH, temperature and nature of metal ion 
20 used [7]. Metal ions can enhance a reaction, by stabilization of a 
21 transition state or product by appropriate coordination. They can 
* Corresponding author Tel.: +91 9837284930 
E-mail address: khwajasjsiddiqi@yahoo co.in (K.S Siddiqi) 
1386-1425/$ - see front matter © 2006 Published by Elsevier B V. 
doi: 10.1016/5.saa.2006.11.026 
also retard reaction by coordination to a starting material pro-
viding a protective influence. This phenomenon is the hallmaric 
of metal template reactions [8]. 
In this paper, we report the synthesis and characterization of 
transition metal complexes with a macrocycUc ligand derived 
from the condensation of benzil and diethylenetriamine. 
2. Experimental 
Hydrated metal chlorides (Merck), benzil, diethylenetn-
amine (Ranbaxy) were used as received. Methanol was distilled 
before use. Elemental analyses (C, H and N) were earned 
out with a Carlo Erba EA-1108 analyzer. The metal contents 
were estimated by complexometric titration [9]. IR spectra 
(4000-400 cm~') were recorded on a RXIFT-IR spectrometer 
as KBr disc while the 600-200cm"' range was scanned with 
Csl on a Nexus FT-IR Thermo Nicolet, Madison Wisconsin. The 
conductivity measurements were carried out on a CM-82T Elico 
conductivity bridge in DMSO. Magnetic susceptibility measure-
ments were done with a 155 Allied Research vibrating sample 
magnetometer at room temperature. TGA was performed with a 
Perkin-Elmer (Pyris Diamond) thermal analyzer under nitrogen 
atmosphere using alumina powder as reference. The weight of 
the sample was between 8 and 12 mg and the heating rate was 
maintained at 10°C/min. EPR spectrum of Cu(n) and Mn(n)-
complexes were recorded on a RE-2X Jeol EPR, spectrometer 
ftoiMii^t^iM rHi Khasflit^AMMilM^, 
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Scheme 1. Preparation of the ligand bdta. 
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Scheme 2. Synthesis of the complex M(bdta)Cl2 where M=Mn(II), Fe(n), Co(n), Ni(II), Cu(n), Zn(n), Cd(n) and Hg(II). 
fitted with 100 KHz field modulation. Cyclic voltammetry was 
performed on a O.l mM DMSO solution. The potential was 
scanned at a rate of 50 mV/s. The potentiometer was a Princeton 
Applied Research model 263A attached to a P.C. using Elec-
trochemistry Powersuite Software. The working electrode was 
a glass electrode, the counter electrode was a platinum wire and 
the reference electrode consisted of Ag, AgCl/KCl (saturated). 
53 2.1. Synthesis of macrocycle (bdta) 
54 A mixture of benzil (4,75mmol, l.Og), and diethylenetri-
55 amine (4.75 mmol, 0.51 ml) in 50 ml hot ethanol was refluxed 
56 for about 4h. It was left at 0°C which afforded a crystalline 
67 product. It was decanted, washed with cold diethyl ether and 
58 dried over CaCli in vacuo (Scheme 1). 
59 2.2. Synthesis of complexes 
60 A hot ethanolic solution of the macrocycle and the metal 
61 dichloride in 1:1 molar ratio was refluxed for about 5 h and left 
62 overnight at room temperature, which afforded a product. It was 
63 filtered, washed with cold diethyl ether and dried in vacuo. Since 
the metathetical procedure gives poor yield the template method 
was adopted (Scheme 2). 
2.3. Synthesis ofZn(bdta)Cl2 
Since in the case of Zn and Cd very low yields were obtained, 
metal template procedure was adopted. To a hot ethanolic solu-
tion (20 ml) of benzil (2nranol, 0.42 g) neat diethylenetriamine 
(2 mmol, 0.22 ml) was added dropwise with continuous stirring. 
An ethanolic solution (15 ml) of ZnCh (2 mmol, 0.26 g) was 
added dropwise to the above mixture over a period of 30min 
with continuous stirring and no precipitation was observed till 
an hour. The reaction mixture was then refluxed on a water bath 
for about five hours until the appearance of a crystalline product. 
It was decanted, washed with ethanol, diethyl ether and dried in 
vacuo over CaC^ (Scheme 3). 
2.4. Synthesis of Cd(bdta)Cl2 
A similar procedure was followed for Cd-complex except that 
the CdCl2 (2 mmol, 0.4 g) was made soluble in minimum amount 
of DMSO (8 ml). A light yellow complex was obtained after 6 h 
c^sA 
MCI J + benzil + diethylenetnamine - ethanol , 
reflux 
M I 
ci 
Scheme 3. Template synthesis of the complex M(bdta)Cl2 where M = Mndl), Fe(ll), Co(II), Ni(Il), Cu(ll), Zn(H), Cd(II) and Hg(Il) 
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Table 1 
Analytical data and physical properties of the complexes 
Compounds 
bdta 
Mn(bdta)Cl2 
Fe(bdta)Cl2 
Co(bdta)Cl2 
Ni(bdta)Cl2 
Cu(bduX:i2 
Zn(bdta)Cl2 
Cd(bdta)Cl2 
Hg(bdta)Cl 
Colour 
Yellow 
Light-yellow 
Brown 
Dark-brown 
Red 
Green 
Red 
Light-yellow 
Yellow 
mp( C) 
148 
162 
184 
254 
235 
152 
230 
206 
218 
Yield (%) 
55 
62 
67 
70 
68 
55 
48 
72 
70 
Molar conductance 
(£2-' mo|- ' cm^) 
13.1 
32.5 
17.2 
31.7 
10.8 
8.7 
9.2 
14.7 
21.6 
Analysis, (%) found (calculated) 
C 
77.50 (77.94) 
62.92 (63.53) 
62.88 (63.44) 
63.01 (63.16) 
62.99(63.18) 
62.04 (62.73) 
61.89(62.57) 
57.65 (58.50) 
51.83(52.30) 
H 
6.58 (6.90) 
5.55 (5.64) 
5.54 (5.60) 
5.50 (5.59) 
5.25 (5.59) 
5.50 (5.55) 
5.23 (5.54) 
5.42(5.18) 
5.12(4.60) 
N 
14.61 (15 15) 
12.28(12 40) 
12.27(12 33) 
12.22(12 27) 
12.25(12 28) 
12.20(12.19) 
12.05(12.16) 
11.28(1138) 
10.09(10.17) 
M 
-
8 26(8 07) 
8 34(8 19) 
8 34(8 60) 
8 84(8 57) 
9 45(9 22) 
9.66(9 46) 
1548(15 22) 
24 51 (24 20) 
82 of refluxing. The resulting precipitate was filtered, washed with 
83 ethanol, diethyl ether and dried in vacuo over CaCla (Scheme 3). 
84 3. Results and discussion 
85 The compounds correspond to the composition M(bdta)Cl2, 
86 where M = Mn(n), Fe(n), Co(n), Niffl), Cu(ll), Zn(n), 
87 Cd(ID and Hg(n), and bdta=3,6,9,12,15,18-hexaaza-
88 1,2,10,1 l-tetraphenyl-2,9,ll,18-tetraenecyclododecane. The 
89 physico-chemical properties of the ligand and its complexes 
90 are summarized in Table 1. They are thermally stable and 
91 decompose between 148 and 254 °C. They are insoluble in 
92 common organic solvents but soluble in hot methanol, DMSO 
93 and DMF. 
94 3.1. Molar conductance 
96 The low molar conductance values of 1 mM solution of 
96 the complexes measured in DMSO indicated them to be non-
97 electrolytes [10]. 
98 3.2. IR spectra 
99 The important IR spectral bands are listed in Table 2. The 
100 disappearance of a band at 1720 cm~' (C=0) and an appearance 
101 of a strong band at 1640 cm~' (C=N) in the ligand confirms an 
102 effective Schiff base condensation. The band due to v(C=N) 
103 observed at 1640cm~' in the case of the ligand has shown a 
104 negative shift of 15-20 cm~' in the complexes. This suggests the 
Table 2 
Cardinal IR bands and their assignment 
Complex KNH) v(CH2) v(C=N) v(M-N) w(M-a) 
bdta 
Mn(bdta)Cl2 
Fe(bdta)Cl2 
Co(bdta)Cl2 
Ni(bdta)Cl2 
Cu(bdta)Cl2 
Zn(bdta)Cl2 
Cd(bdta)Cl2 
Hg(bdta)a2 
3287 s 
3293 s 
3293 s 
3287 s 
3287 s 
3287 s 
3293 s 
3287 s 
3287 s 
2940 m 
2940m 
2940 m 
2940 m 
2940 m 
2940m 
2940 m 
2940 m 
2940 m 
1640s 
1620 s 
1618s 
1623 s 
1624 s 
1627 s 
1618s 
1622 s 
16278 
_ 
448 m 
424 m 
432 m 
418m 
424 m 
436 s 
432 m 
424 m 
_ 
341s 
342 s 
344 s 
346s 
328 s 
331s 
339 s 
324s 
coordination of azomethine group with the metal ion f / / J. Since 
no considerable change in v(N-H) was observed on moving from 
free to the compiexed ligand it is suggested that the v(NH) i.s 
not involved in coordination. The spectrum also shows that the 
absorption due to CH2 group (2940cm"') does not shift in the 
case of complexes, hence they are insensitive to coordination. 
The sharp and distinct bands present in the far IR region, 
418-448 and 320-346cm"' provide a compelling evidence 
for the presence of metal-nitrogen and metal-chlorine bonds, 
respectively, in the complexes, which were absent in the spec-
trum of the macrocyclic Ugand. However, v(M-N) does not 
follow any regular trend [12]. 
3.2.]. EPR spectra 
The EPR spectrum of the polycrystalline complexes 
Cu(bdta)Cl2 and Mn(bdta)Cl2 showed strong signals at room 
temperature. The axial symmetry parameter, i.e. G {g\\ - gx) has 
been calculated. The complexes do not show hyperfine splittmg. 
According to Hathaway et al. the G value measures the exchange 
interaction between metal centers in polycrystalhne solids [ 13] 
In case G > 4, the exchange interaction is negligible but if G < 4, 
considerable exchange interaction occurs in the complexes. The 
EPR spectrum of the Cu-complex shows a broad signal with 
G average at 2.002, which is consistent with an axially elon-
gated octahedral geometry. The broadening of this signal might 
be due to dipolar interactions, indicating lowered site symme-
try suggesting that the unpaired electron resides mainly in the 
d^ 2_y2 orbital. This indicates a considerable exchange interac-
tion in the complex [14]. However, the solution spectra of the 
Cu-complex in frozen DMSO (77 K) exhibit hyperfine interac-
tion attributable to the coordination of four imine nitrogen. The 
trend g^ (2.102)>gx (2.(X)1) has been observed in accordance 
with the criterion of Kivelson and Neiman implying the presence 
of unpaired electron in localized d^2_^ orbital for the Cu(II) ion 
characteristic of the axial symmetry [15]. 
In a similar fashion, a single unresolved signal observed 
in the Mn complex suggests an exchange interaction between 
the Mn(n) centers. In the present case, the average G value is 
found to be 2.(X)8, which can be corroborated with an octahe-
dral environment. Thus, the EPR spectrum supports the binding 
of the ligand with four potential nitrogen donor atoms to the 
metal ion in an octahedral environment [16]. The solution spec-
+Modd 
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146 tra of Mn(II)-complex at liquid nitrogen temperature (77 K) 
147 and that of polycrystalline sample has similar features with 
148 Gav = 2.007 further implying octahedral geometry for Mn(ll) 
149 ion [17]. 
150 3.3. Electronic spectra and magnetic moment 
151 The room temperature magnetic moment of Mn(n) complex 
152 (5.8 B .M.) is close to the spin only value for an octahedral Mn(n) 
153 ion corresponding to five unpaired electrons [18]. This pale-
164 yellow complex in DMSO exhibits three d-d absorption with 
155 low molar extinction coefficients. The series of bands observed 
156 are weak and narrow stretching over the entire visible region, 
157 which are assigned from sextet ground term, *Aig to quar-
168 tet excited terms "^ TigCP), ''T2g(G) and '*Tig(G), respectively 
159 [19]. On the basis of magnetic moment and spectral assign-
160 ments an octahedral geometry has been proposed for the Mn(II) 
161 ion [20]. The various ligand field parameters are calculated for 
162 the Mn(n) complex. The value of Dq has been calculated from 
163 Orgel energy level diagram using V2/vi ratio and the value comes 
164 out to be 1576cm~'. The nephelauxetic parameter, fi is readily 
165 obtained using the relation ^ =Bcompiex/fiftee ion. where fiftee ion is 
166 1199 cm"'. The value of y9 indicates that the covalent character 
167 of metal ligand sigma bond is very low (Table 3). 
168 The brown colour Fe(n) complex in DMSO is a character-
169 istic of high-spin Fe(II) ion. Since in the case of octahedral 
170 Fe(II) complexes the intense charge transfer bands obscure d-d 
171 bands [21 ], a single band has been observed in the present study. 
172 Thus, the broad band centered at 11,268 cm"' can be effectively 
173 assigned to ^Eg •^'T2g transition [21]. The spectrum and the 
174 magnetic moment (5.40B.M.) support an octahedral geometry 
176 for the Fe(n) ion. 
176 The Hefi value of (4.49 B.M.) for Co(II) complex is indica-
177 tive of a high-spin octahedral geometry for the ion [22]. Two 
178 bands of medium intensity observed at 9652 and 18,122cm~' 
179 correspondto'*T2g(F) -«-'*Tig(F)and'*A2g(F) -«-'*Tig(F)transi-
180 tions, respectively [22]. These bands together with the magnetic 
181 moment are attributable to an octahedral environment around 
182 the Co(n) ion. 
According to the literature data, the principal feature of octa-
hedral nickeKH) complexes is the presence of three well-defined 
bands [23]. The universally accepted ground term for octahe-
dral Ni(II) ions is ^A2g(F). We have also observed three weak 
intensity bands at 9008,15,402 and 22,560cm~' corresponding 
to ^A2g(F) to ^T2g(F), ^Tig(F) and ^Tig(P) transitions, respec-
tively. The magnetic moment value (2.94 B.M.) further supports 
an octahedral environment around the Ni(n) ion [24] (Table 4). 
Generally the octahedral Cu(n) complexes exhibit three tran-
sitions in the UV-range with poor resolution. However, we 
have observed only two d-d transitions [25]. A small unre-
solved peak was obtained at 11,123 cm~' and a pronounced 
band at 15,423cm"'. These may be assigned to ^Aig >-^Big 
and ^Eg •<- ^Big transitions, respectively. The magnetic moment 
(1.87B.M.) fits well in the region 1.73-2.20B.M. reported for 
the octahedral Cu(n) complexes [26]. 
3.4. Thermal studies (TGA/DSC) 
The weight loss corresponding to different stages of pyroly-
sis were calculated and compared with those of the expelled 
groups. The thermogram of the ligand consists of two well-
defined stages. The first decomposition stage starts at 140°C 
and continues until 320 °C corresponding to the degradation 
of four peripheral phenyl groups constituting about 55% of 
the total weight loss (calcd. 54.9%). The initial decomposition 
of the exocyclic rings is a common behaviour encountered in 
such complexes [27]. Since the decomposition started above 
140 °C, the presence of any solvent/water molecule may be 
ruled out [28] which is also evident from the elemental anal-
ysis. The second step runs over 320-600 °C and is consistent 
with the degradation of the remaining part of the molecule. 
Above 600 °C the TGA curve shows no change even when the 
temperature was raised to 850 °C. The DSC plot exhibits well-
defined endothermic and exothermic peaks. The first transition is 
a sharp endotherm while the second step is exothermic in nature. 
However, a small exothermic hump is obtained in the case of 
complexes owing to the conversion of metal to its elemental 
form [29]. 
183 
134 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
E^ 
Ria 
Table 3 
Magnetic moment values and spectral bands of the complexes 
Compounds Magnetic moment (B M) Electromc bands (cm ') logfi(lmol~'cm~') Possible assignments 10Dq(cm~') B(cm~') fi 
Mn(bdtd)Cl2 5 80 
Fe(bdta)Cl2 5 40 
Co(bdta)Cl2 4 49 
Ni(bdU)Cl2 2 94 
Cu(bdta)Cl2 1 87 
26,385 
21,052 
15,527 
11,268 
35,400 
9,652 
18,122 
9,008 
15,402 
22,650 
11,123 
15,423 
2 77 
2 49 
2 32 
394 
4 56 
2 39 
152 
3 58 
3 10 
2 78 
2 69 
2 19 
*T,g(P)^*A,g 
''T2g(G)^*A,g 
••T,g(G)^*A,g 
'Eg*-'T2g 
Charge transfer 
''T2g(F)«-''T,g(F) 
•'A2g(F)-^''Tig(F) 
'A2g(F) 
'T,g(F)^'A2g(F) 
'T,g(P)<-3A2g(F) 
^Aig^^B,^ 
'T2g(F). 
15,760 477 0 58 
5,380 1076 0 % 
15,960 
+Mo(M 
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Fig. 1. Cyclic voltammogram of the complex [Cu{bdta)lCl2 
3.5. Electrochemical behaviour 
The electrochemical behaviour of the complexes particularly 
with tetraaza ligands has been studied in order to examine the 
spectral and structural changes associated with electron transfer 
processes [30]. In the present work, the Cu(n) complex has been 
studied by cyclic voltammetry in the range +1.5 to -1.5 V with 
a scan rate of 50 mV/s. The typical quasi-reversible one-electron 
transfer wave (Fig. 1) is governed by the equation: 
Cu(ID(bdta)Cl2-l-e-«> Cu(I)(bdta)Cl2 
The voltammogram in the cathodic region displays peak 
for Cu(n) -> Cu(I) at £pc =0.640 V while for the anode it was 
located at Spa = 0.715 V. However, the region -1.5 to 0.0 V 
exhibits peaks due to Cu(I) -* Cu(n) at Epc = -0.600 V and 
£pa = —0.500 V corresponding to cathodic and anodic poten-
tials, respectively [31]. The ratio of cathodic peak current versus 
anodic peak current is close to unity (/pc//pa = 0.886) implymg 
that the quasi-reversible one-electron transfer process is con-
trolled by diffusion. 
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Abstract 
A quadridentate ligand disodium bis(2,2'-dithiopipera2inato-2,2'-diamino diethylamine) Na2L^ and its self assembled transition metal 
complexes of the type, M2(L^)2 {M = Mn(II), Fe(II), Co(Il), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II)} have been reported. The piper-
azine pivoted homodinuclear complexes have been characterized by a range of spectral, thermal, microanalytical and conductometric 
techniques. On the basis of IR and ' HNMR data a symmetrical bidentate coordination of the dithiocarbamato moiety has been observed 
in all the cases. The TGA profile of the hgand exhibits two stage thermolytic pattern although the complexes decompose in three steps, 
respectively. Metal sulfide is found to be the end product. The formation of homodinuclear complexes has been ascertained on the basis 
of FAB mass spectral data and a probable fragmentation pattern has been proposed. On the basis of UV-visible spectroscopic results 
and room temperature magnetic moment data a tetrahedral geometry has been proposed for all the complexes except for the Ni(ll) and 
Cu(II) which are found to be square-planar. 
© 2007 Published by Elsevier B.V. 
18 Keywords. Quadridentate ligand; Diethylamine; Symmetrical bonding; Dithiocarbamate 
19 
1. Introduction 
The ability to control the construction of coordination 
supramolecular arrays based on covalent interactions or 
hydrogen bonding has been a major focus of research 
efforts in recent years for the rationale design of functional 
materials [1]. Joumaux et al. [2] have recently indicated 
that the pathways used to obtain these species are based, 
essentially, on the following synthetic schemes: (i) the self 
assembly method, (ii) the use of polynucleating ligands 
and (iii) the use of complexes as ligands. However, the 
metal directed self-assembly of polydentate ligands pro-
vides a facile route to novel supramolecular structures 
based on the metal coordinate interactions [3,4]. Through 
imaginative multidentate Ugand design and judicious 
choice of the metal ion, a novel range of polymetallic inor-
ganic assemblies including helicates, cages, ladders, racks, 
grids and tubes have been constructed [5]. These frame-
Corresponding author 
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doi: 10.1016/i.mo)struc.2007.05.020 
works can also act as receptors to detect anions in solutions 
[6]. 
Among various sulfur containing ligands the dithiocarb-
amato (dtc) moiety has proved as a useful structural motif 
lending itself to the metal directed assembly of a range of 
structtires like nanosized resorcarene based assemblies, 
catenanes, cryptands, etc. [7]. The small bite angle (~2.8-
2.9 A) of the dtc makes it appropriate for the stabilization 
of a range of oxidation states of various metal ions [8]. 
They are used as vulcanizers, higher pressure lubricating 
agents, fungicides, pesticides antialkyiating agents, antiox-
idants, spin trapping agents and anti-HIV agents [9-12! 
Dithiocarbamates are also used as molecular precursors 
for CVD processes. Water-soluble dialkyldithiocarbamate 
complexes are known to have been tested in various medi-
cal appUcations [13]. 
Piperazine is a well known building block for novel 
supramolecular structures due to the presence of two 
weakly held terminal amino protons [14]. Of the two read-
ily interconvertible conformations of the piperazine, the 
chair form is thermodynamically more stable since it is 
17.2kJ/mol higher than the boat form [15]. However, the 
" • ^"^^^^w^ ^•**' • • ^^^W^1^^^^^^^M^p^^P|^^^^^^^^^Pi^P|l^^|^^^{iCyi7-f-Ili^^RiHf 
> «'»t^g-a .-
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59 boa t form gives mononuc l ea r whereas the cha i r form gives 
60 dinuclear complexes with no exogenous bridging for t rans-
61 A',A^' c o o r d i n a t i o n [16,17]. 
62 In cont inuat ion of our earlier work on piperazinato 
63 m o n o as well as bisdi thiocarbamato complexes [18] we 
64 have at tempted to use piperazine moiety as a structural 
65 mot i f render ing it to exist in its preferred chai r form [19]. 
66 Recently, polypyridine di thiocarbamates and piperazine 
67 bridged homodinuclear transition metal di thiocarbamates 
68 have been reported from our laboratory [20,21]. In the 
69 present communicat ion the piperazine moiety is exploited 
70 to form the di thiocarbamate in a way it assembles to form 
71 a barrel shaped structure (Fig. 3) unlike the linear arrays 
72 reported by Hogar th et al. [22]. Herein we report the syn-
73 thesis and spectroscopic characterization of piperazine piv-
74 oted 3d-transition metal di thiocarbamates in order to s tudy 
75 the symmetrical and unsymmetrical bonding of the dithio-
76 carbamate and their thermal behavior supported by T G A / 
77 DSC. The F A B - M S has been done for pro to type com-
78 pounds to ascertain the formation of binuclear complexes 
79 on the basis of fragmentation pat tern . 
80 2 . Exper imenta l 
81 Hydrated metal chlorides, sodium hydroxide (Merck), 
82 diethylene tr iamine, thionyl chloride, carbon disulfide (s. 
83 d. fine) and piperazine hexahydrate (Loba Chemie) were 
84 used as received. M e t h a n o l was distilled p r io r t o use. Ele-
85 mental analyses (C, H, N and S) were carried out with a 
86 Carlo Erba EA-1108 analyzer. The metal contents were 
87 estimated by complexometric ti tration [23]. IR spectra 
88 (4000-400 c m " ' ) were recorded on a R X I F T - I R spectrom-
89 eter as K B r disc while the 600-200 c m " ' range was scanned 
90 with Csl on a Nexus FT- IR Thermo Nicolet, (Wisconsin). 
91 The Electronic spectra were recorded on a Cintra 5GBC 
92 spectrophotometer in D M S O . The N M R spectra were 
93 recorded on a DPX-300 spectrometer in D M S O at room 
94 temperature. The conductivity measurements were carried 
95 out on a CM-82T Elico conductivity bridge in D M S O . 
96 Magne t i c susceptibility measu remen t s were d o n e with a 
97 155 Allied Research vibrating sample magnetometer a t 
98 room temperature . T G A was performed with a Pe rk in -
99 Elmer (Pyris Diamond) thermal analyzer under nitrogen 
100 atmosphere using alumina powder as reference. The weight 
101 of the sample was kept between 8 and 12 mg and the heat-
102 ing rate was maintained at 10 °C/min. The F A B mass spec-
103 tra were recorded on a J E O L SX 102/Da-6000 Mass 
104 Spectrometer /Data System using Argon /Xenon ( 6 k V , 
105 10 mA) as the F A B gas. The accelerating voltage was 
106 10 kV and the spectra were recorded at room temperature . 
107 M-nitrobenzoyl alcohol (NBA) was used as the matrix. 
108 2.1. Synthesis of2,2'-diamino-2,2'-dichlorodiethylamine 
109 (L') 
110 Neat thionylchloride (10 mmol, 0.73 mL) was dropwise 
111 added to a methanolic solution of diethylene triamine 
HJ^ N NH, + SOCl, 
H ^ 
HN 
I 
CI 
N 
H 
L' 
NH 
I 
CI 
Fig. 1. Synthesis of the ligand NajL'. 
(5 mmol, 0.56 mL) in an ice bath. The reaction mixture 112 
was stirred for 2 h, cooled to room temperature and then 113 
refluxed on a water bath for about an hour, which afforded 114 
a whitish pink precipitate under reflux. It was then cooled, 115 
filtered, washed with methanol and dried in vacuo over 116 
P205(Fig. 1). 117 
2.2. Synthesis of disodium bis(2,2'-dithiopiperazinato-2,2'- 118 
diaminodiethylamine) Na2L^ 119 
To a stirred methanolic solution (20 mL) of L ' (1 mmol, i * 
0.10 g), piperazine (2 mmol, 0.39 g) hexahydrate solution in 121 
the same solvent (20 mL) was added dropwise with con tin- 122 
uous stirring and then refluxed for abou t 2 h. The mixture 123 
was cooled t o - 5 °C followed by addit ion of carbon disul- 124 
fide (2 mmol , 0.12 mL) and N a O H (2 mmol , 0.08 g) dis- 125 
solved in aqueous methanol to afford a light green 126 
precipitate. The compound was filtered, washed with meth- 127 
anol and dried in vacuo over P2O5 (Fig. 2). 128 
[NajL^] yield (80%); m. p . 165 °C; ^ IM = 33 Q- ' cm^ 129 
m o r ' found (calcd. for Ci4H27N7Na2S4) C, 35.78(35.96), 130 
H, 5.59(5.82), N , 20.79(20.97), S, 27.74(26.42); IR (KBr) : 13I 
Vmax/cm"' 3430s ( N - H ) , 1450s ( C - N ) , 1300w, 1270m 132 
(ring vib.), 998s (C—S). 133 
2.3. Synthesis of complexes M2(l?}2 
[C02(L^)2] yield 
, 2 1-1 
(70%); m. P-
ylM = 17Q 'cm'^mol ' found (calcd. for C28H54C02 
nesse cite tiUl Mikiiitt p m SK S. Ktes et id.. I. »M. Sltai^ I9ne7)^4^ 
134 
The metal complexes are conveniently obtained by the 135 
substitution reaction of Na2L^ (2 mmol, 0.93 g) with 136 
MCI2JCH2O (2 mmol ) in equ imo la r ra t ios in m e t h a n o l . 137 
[Mn2(L^)2] yield (62%); m . p . 208 °C ; 138 
ylM = 27Q~ 'cm^mor ' found (calcd. for C28H54Mn2 139 
N M S S ) C , 34.93(35.28), H , 5.53(5.71), N , 20.48(20.57) , S, 140 
27.24(26.90) , M n , 11.82(11.82). I R ( K B r ) : v„ ,ax/cm- ' 141 
3447s (N-H) , 1468s (C-N) , 1284w, 1254m (ring vib.), 142 
992s (C-S), 378 (Mn-S). 143 
[Fe2(L^)2] yield (67%); m . p . 210 °C ; 144 
ylM = 4 2 a ~ ' c m ^ m o r ' found (calcd. for C28H54Fe2 145 
N M S S ) C , 35.01(35.21), H, 5.57(5.70), N , 20.42(20.53), S, 146 
27.08(26.85), Fe, 11.85(11.69). IR (KBr): Vmax/cm"' 3421s 147 
( N - H ) , 1459s ( O - N ) , 1278w, 1244m (ring vib.), 993s 148 
(C-S), 397 (Fe-S). 149 
211 °C; 150 
151 
NnSg) C, 34.73(34.99), H, 5.70(5.66), N , 20.13(20.40), S, 152 
26.81(26.68), Co, 12.48(11.26). IR (KBr): v^ax/cm"' 153 
3422s ( N - H ) , 1465s (C—N), 1275w, 1248m (ring vib.), 154 
994s ( C - S ) , 393 ( C o - S ) . 155 
[Ni2(L^)2] yield (68%); m. p. 220 °C; 15? 
TIM = 11 f i ~ ' c m ^ m o r ' found (calcd. for 157 
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V +2 HN(CH2)4NH + 2 CS2 + 2 NaOH 2 H a , - 2 N a a 
HjC CH2 H2C CH2 
'II II 
H2C CH2 H2C CH2 
C J.C 
S^ SNa S'^ SNa 
Fig 2 Synthesis of the hgand Na2L'^  
158 C28H54Ni2N,4S8) C, 34.86(35.0), H , 5.60(5.66), N , 
159 20.24(20.41), S, 26.86(26.69) , Ni , 12.45(12.22). I R (KBr): 
160 Vmax/cm"' 3422s ( N - H ) , 1478s ( C — N ) , 1274w, 1261m 
161 (ring vib.), 991s (C-S), 397 (Ni-S). 
162 [Cu2(L^)2] yield (55%); m . p . 262 °C; AM = 
163 0 9 Q ~ " c m ^ m o r ' found (calcd. for C28H54CU2N14S8) C , 
164 34.37(34.66), H , 5.62(5.61), N , 20.31(20.20) , S, 
165 26.75(26.43), C u , 13.27(13.09). I R (KBr): v „ a x / c m - ' 
166 3401s ( N - H ) , 1488s (C—N), 1268w, 1254m (ring vib.), 
167 990s (C-S), 406 (Cu-S). 
168 [Zn2(L^)2] yield (62%); m. p . 230 °C; AM = 
169 10 n~ 'cm'^ m o r ' found (calcd. for C28H54Zn2Ni4S8) C, 
170 34.20(34.52), H , 5.45(5.59), N , 20.32(20.13) , S, 
171 26.40(26.33), Zn, 13.69(13.42) IR (KBr): v^Jcm'^ 
172 3477s ( N - H ) , 1473s ( C - N ) , 1280w, 1244m (ring vib.), 
173 995s ( C - S ) , 384 (Zn—S). 
174 [Cd2(L^)2] yield (72%); m . p . 208 °C ; ^ I M = 
175 1 5 n ~ ' c m ^ m o r ' found (calcd. for C28H54Cd2Ni4S8) C, 
176 31.30(31.48), H , 4.89(5.10), N , 18.25(18.36), S, 
177 24.28(24.01), C d , 21.47(21.04) I R ( K B r ) : v„ ,a ;ycm- ' 
178 3434s ( N - H ) , 1462s (C—N), 1279w, 1260m (ring vib.), 
179 996s (C-S), 392 (Cd-S). 
180 [Hg2(L^)2] yield (70%); m p . 218 °C; AM = 
181 2 2 n ~ ' c m ^ m o r ' found (calcd. for C28H54Hg2Ni4S8) C, 
182 27.05(27.02), H , 4.21(4.37) , N , 15.62(15.76), S, 
183 20.67(20.61), H g , 11.82(11.82). I R ( K B r ) : v ^ a x / c m - ' 
184 3400s ( N - H ) , 1477s ( C - N ) , 1284w, 1265m (ring vib.), 
185 997s (C-S), 414 (Hg-S). 
186 3 . Results and discussion 
187 The metal dithiocarbamates, M2(L^)2 were conveniently 
188 obtained in high yield by substitution reaction of sodium 
189 salt of functionalized secondary amine or dithiocarbamate 
190 with hydrated transition metal halides in methanol (Fig. 3). 
192 2 NaaL^ + 2 MCI2 -* M 2 ( L 2 ) 2 + 4 N a C l 
193 where M == Mn(II), Fe(II), Co(Il), Ni(II), Cu(II), Zn(II), 
194 Cd(II) and Hg(II). 
195 Elemental analysis, TGA/DSC, ' H N M R , FAB mass 
196 spectrometry, UV-visible and IR spectroscopy were used 
197 to characterize the complexes.The amorphous complexes 
198 are soluble in DMSO and DMF only. The conductivity 
HN NH 
CH. 
2MCI2 + ZNajL^ 
•4NaCl 
H2C CH2 H2C 
H2C CH2 H2C CH, 
I i 
c c 
s^  ,s s s 
s"' "^s s s 
c c 
H2C CHT H - ^ C 
I I " I 
H2C CH2 H2C 
/N 
CH: 
CH2 
I 
HN NH 
Fig 3. Synthesis of the complexes M2(L^)2 where M = Mndl) Fe(ll) 
Co(II), Ni(ll), Cu(II), Zn(II), Cd(II) and Hg(n) 
measurement (10~^M) in DMSO indicated them to be 
non-electrolytes [24]. 
3.1. IR spectra 
The chair and boat conformation of piperazine can be 
distinguished by IR spectroscopy. The chair form has been 
confirmed on the basis of skeletal vibration modes of both 
the ligand and complexes [25]. 
For dithiocarbamato systems the (C-S) stretching fre-
quency in the region 1000 ± 70 cm~' is quite diagnostic for 
distinguishing the symmetrical dithiocarbamates from 
unsymmetrical ones. A single sharp band in the above region 
implies a symmetncal bidentate coordination while the split-
ting of this band into a doublet may be attributed to the 
monodentate unsymmetrical nature of the dithiocarbamato 
group [26]. The structure of the dithiocarbamato complexes 
can be represented by the following formalism. 
^ ^W^^^^^^^W !M^"|P9^^ ^^^^^^^i^lff^^H^gw^BKlfl^^P^^'^^^^^fusi^HiW^Kfi^^jp^^^f^^fl^t^^mi^^^Vw -ti^ fi^ 'rtrNBW 
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R2N C M^ \ NR2 <• »• R2N c { M C NRi 
(I) (11) 
.« >. R2N C( M ^C MR, 
(III) 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
where M is the divalent metal ion 
In the complexes reported under this study the appear-
ance of a single sharp v(C=S) band at 1000 c m " ' is indic-
ative of a symmetrical coordination of the 
dithiocarbamato moiety [27]. The thioureide band 
v(C"-N) was observed around 1450 cm~' in the free ligand 
and was found to be shifted around 1488-1450 cm""' range, 
in the complexes. This band is intermediate between 
(C—N) single bond and (C=N) double bond implying the 
metal coordination due to the delocalizalion of electrons 
resulting in a partial double bond character. Moreover it 
was also observed that the v(O^N) in our case occurs at 
lower wavenumber than in the corresponding diethyl and 
dimethyl analogues [28]. This behavior may be ascribed 
to the rigid heterocyclic ring system of piperazine molecule, 
which has a low tendency to release electrons to the car-
bon-nitrogen bond thereby decreasing its double bond 
character. 
Some medium to weak intensity bands are observed in the 
far IR region [29]. Since the increase in C—N bond increases 
the M—S bond strength, a relative trend is observed in the 
v(M—S) for the metal complexes. There are two factors 
which effect the M—S peak position occurring in the far-IR 
region: (i) the nature of the metal ion and (ii) the substituents 
attached with the nitrogen [30]. However, we have observed 
medium to weak intensity bands in the region (378-
414 cm" ' ) , which is assigned to M—S stretching frequencies 
[31]. An increase in v(M—S) is observed on moving from 
Zn(ll) to Hg(Il) however, no such behavior is observed along 
the period (Mn(II) to Cu(II)). 
3.2. Electronic spectra and magnetic moments 245 
The electronic spectral data along with room tempera- 246 
ture magnetic moment is presented in Table 1. The absorp- 243 
tion spectra of the complexes in DMSO have similar 248 
pattern in 220-390 nm region and exhibit two strong 249 
bands, possibly due to intraligand and charge transfer tran- 250 
sitions [32]. It is not easy to differentiate between ligand 251 
field and charge transfer bands due to dit-pit mixing. The 252 
exact interpretation of the spectra of tetrahedral complexes 253 
is therefore, difficult. 254 
The Mn2(L^)2 exhibits spin-forbidden bands unlike its 255 
octahedral complexes which show both spin forbidden 256 
and parity forbidden transitions. Due to the presence of 257 
five unpaired electrons *Ai was found to be the ground 258 
state term. Two strong broad bands were observed at 259 
20640 and 22430 cm" ' corresponding to ' ' T , ( G ) < - ^ A I 260 
and "AiCG) *- ^Aj transitions, respectively. The magnetic 261 
moment (5.77 BM) is in proximity with the calculated 262 
spin-only value of 5.9 BM indicative of a high-spin tetrahe- 263 
dral arrangement around the Mn(II) ion [33]. 264 
The Fe(II) complex, Fe2(L^)2 shows one spin allowed d - 265 
d band (23,529 c m " ' ) corresponding to ^E<- ^ 2 transi- 2 ^ 
tion. The magnetic moment for such complexes (5.0- 267 
5.5 BM) corresponds to four unpaired electrons and we 268 
have obtained a value of 5.32 BM, which is consistent with 269 
a high spin tetrahedral nature of Fe(II) ion [34]. 270 
The electronic spectrum of Co2(L^)2 displays two strong 271 
d-d bands at 11,380 and 17,460 c m " ' corresponding to 272 
*r i (F) <- % ( F ) and ' ^ i ( P ) <- *A2(F) transitions, respec- 273 
Table 1 
Magnetic susceptibility, electronic spectra and ligand field parameters of the complexes 
Complex Magnetic moment (BM) Electronic bands (cm ') Log£(Imol ' cm') Possible assignments 10 Dq (cm ') B (cm ') f) 
0.75 Mn2(L')2 
Fe2(L2)2 
C02(L^)2 
Nl2(L^)2 
CU2(L2)2 
5.77 
5.32 
4.52 
Diamagnetic 
2.13 
22,430 
20,640 
23,529 
17,460 
n,380 
23,696 
15,503 
18,529 
3.2 
2.7 
4.1 
3.0 
2.1 
3.2 
2.8 
1.8 
"AKG)«- «A, 
' ^ • ( G ) < - % 
' E ^ * r 2 
''T,(P)<-''A2(F) 
*r,(F)<-''A2(F) 
Brg<- A|g 
'A2gf-'A,g 
^A,g«- B|g 
20,075 944 
14,814 1.2 
15,560 1613 0.64 
neaw G ^ ^ atside m imM n : S. Klutt M 8i^ I . i M » SMKt 0 0 9 ? ^ 1 ^ 
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lively, which are characteristic of a tetrahedral Co(II) ion 
[35]. Since the position of the latter band is shifted to higher 
wave numbers it may be attributed to the existence of 
strong field ligand in the present case [36]. The observed 
magnetic moment (4.52 BM) is close to that found for tet-
rahedral [CoCUf ~, also supports a tetrahedral geometry 
for the Co ion in the present case [37]. 
Square-planar complexes of the d* configuration are 
spin-paired type. For Ni2(L'^ )2 however, only two bands 
were observed in the visible region (Table 1). A similar 
behavior has also been reported for dithiooxamide com-
plexes, which has four Ni—S bonds in approximately 
square-planar fashion [38]. Since the electronic spectrum 
(Table 1) of the Ki2(lP'h is identical to that of square 
planar tetraazamacrocyclic nickel(II) complexes, it is 
inferred that they have similar ligand field strength 
[39]. On the basis of electronic spectrum and magnetic 
properties, a square-planar geometry has, therefore been 
proposed for the Ni2(L^)2 complex. 
The electronic spectnmi of Cu2(L^)2 exhibits two well 
defined d-d absorption bands at 18,529 and 14,814 cm ' 
assigned to A i g ' Big and Eg f— BI o transitions. 
Table 2 
Thermal degraddtion of ligand and its complexes 
Complex First decomposition stage Second decomposition stage Third decomposition stage Residue 
Fragments Temperature Mass loss data, 
range (°C) found (calcd ) (%) 
Fragments Temperatue Mass loss data. Fragments Temperature Mass loss data, 
range (°C) found (calcd.) (%) range (°C) found (calcd ) (%) 
NajL^ CioH 
Mn2(L')2 C4Sfi 
Fe2(L')2 -do-
Co2(L^)2 -do-
N12(L2)2 -dO-
CuAL^h -do-
Zn2(L^)2 -do-
Cd2(L^)2 -do-
Hg2(L')2 -do-
6N4S4 165-
172-
-do-
-do-
-do-
-do-
-do-
-do-
-do-
255 
288 
68 31 (68 48) 
24 86 (25 18) 
24 96(25 13) 
24 20 (24 73) 
24 33 (24 98) 
19 87(20 84) 
23 90 (24 64) 
21 46(22 47) 
18 94(19 28) 
C4H„Ni 
C|6H,2N8 
-do-
-do-
-do-
-do-
-do-
-do-
-do-
260-
295-
-do-
-do-
-do-
-do-
-do-
-do-
-do-
20.44 (21 63) 
34 20 (35.29) 
35 15(35 23) 
34 44 (34 67) 
34.64 (35 02) 
33.20 (34.67) 
33.23 (34.54) 
3120(3149) 
26 99 (27 03) 
C8H22N6 
-do-
-do-
-do-
-do-
-do-
-do-
-do-
440-700 
-do-
-do-
-do-
-do-
-do-
-do-
-do-
21 17(21 22) 
20 86(21 181 
20 23 (20 84) 
20 91 (2105) 
19 65(20 84) 
20 55 (20 76) 
18 17(1894) 
1599(1625) 
2 MnS 
2 FeS 
2CoS 
2 NiS 
2CuS 
2ZnS 
2CdS 
2HgS 
HN N 
1 " 
N 
/ \ 
H2C CH2 
H2C CH2 
S SNa 
391(28) 
NH 
H2C: 
H2C 
Na 
CH, 
CH2 -CS2 
HN 
1 N 
/ \ 
H2C CH2 
HjC CH2 
N 
N 
H 
NH 
1 
H2C 
H2C 
CH2 
. ^ ' SNa .^' SNa 
467 (no) 
HN 
I 
N 
NH 
H CH2 H3C CH. 
CH2 '^^^* H2C CHj H2C CH, 
N ^ N-^  
. ^ ' 
2 (CH2)2NCS2Na 
259(63) 
Scheme 1 Fragmentation pattern of the ligand, Na2L^ 
SNa .^' 
413(44) 
HN N 
1 " 
H2C CH2 
H2C CH2 
\ Na 
2 CSS 
76(100) 
NH 
1 
H2C CH2 
1 1 
H2C^ CH2 
\ ^ 
Na 
'!•: s. imm0m^MAmm^$m^4^mm6fimi0miim9Mjm 
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296 respectively. However , a slight change in the posi t ion of 
297 the above bands may be ascribed to the perturbation 
298 energies arising from the inductive and delocalization 
299 effects of the substi tuents on the S2CN moiety. Magnet ic 
300 m o m e n t (2.13 BM) is consistent with a square-planar 
301 configuration. These results are similar to tha t ob ta ined 
302 by Escobal et al. in for square-planar acetylacetanato 
303 Cu(II) complexes [40]. 
3.3. 'H NMR SOT 
The N M R spectrum of, Na2L^ in CDCI3 displays a sin- 305 
glet at 2.30 ppm due to eight protons of four CH2 groups 306 
of the diethylenetriamine moiety [41]. On comparing the 307 
spectrum of free diethylenetriamine and NaaL'^ it was 308 
found that the imine protons were resonating at 5.82 ppm 309 
while the amino protons were shifted downfield [42]. The 3io 
/-c^—c<^ ?^ 
2C0S4 
374(100) 
H-7 H-j 
879 (72) 
-CSH9N2S4M 
H, H, 
/N N : ' N c C ^ C o ^ P N^ 
Hz H2 
C ^ ^ \ H 
N NN 
C C - ^ 
" 2 " 2 
NH NH 
•^NH, 
H ^ 
H T H T 
583(64) 
H2 H, 381(81) HT H I 
H2N'' 
N C Xo C N NH 
-C,oH,8N4 
MS4 
187(84) 
Scheme 2. Fragmentation pattern of the comjrfex Co2(L^)2. 
PlMMft #to tW»«^^ to pfCN w: S. Ktoi et «L, I. l#Ei auAK^ (SSm^'dibl i l^^ 
S Khan et al I Journal of Molecular Structure xxx (2007) xxx-xxx 
311 downfield shift (6 24 ppm) m the amino protons may be 
312 attributed to the attachment of piperazinium moiety [43]. 
313 T h e absence of N — H p r o t o n at ca 2 15 p p m value m the 
314 hgand and its complexes confirm the double deprotonation 
315 of piperazine moiety. The methylene protons of piperazine 
316 appea r at 2.64 p p m in case of hgand while they negligibly 
317 move to 2.66-2.69 ppm in the complexes indicating that 
3)8 they are not affected by complexation [44]. 
319 3 4 TGAIDSC 
320 The thermochemistry of metal dithiocarbamates has 
321 been thoroughly reviewed [45]. The mass loss data and tem-
322 perature range of various fragments are presented in Table 
323 2. The comparison of the TGA and DSC plots implies that 
324 the hgand and its complexes are stable upto 165 °C since 
325 there were no peak or humps observed in the DSC plots. 
326 Since there occurs no thermal change below this tempera-
327 ture It confirms the absence of water or solvent molecule. 
328 Also It suggests that the complex restructuring does not 
329 occur prior to the decomposition of the complex [46]. 
330 The TGA profile of the Hgand consists of two discrete steps 
331 while the complexes exhibit a three stage pyrolytic pattern. 
332 T h e Ugand s h o w s first c leavage betweeti f rom 165 to 255 ° C 
333 corresponding to the degradation of the CSS group and 
334 piperazinium moiety [47]. The second decomposition runs 
335 through 2 6 0 ^ 0 0 °C resulting in the elimination of remain-
336 ing part of the organic moiety, (20 44%). The thermogram 
337 of the complexes does not show any change until 172 °C. 
338 The first degradation stage stretches from 172 to 288 °C 
339 co r robora t ing the pyrolysis of C4S6 moie ty while the sec-
340 ond stage corresponds to the degradation of four piperaz-
341 inium entities. The third stage results in the expulsion of 
342 the remaining organic moiety leaving behind metal sulfide 
343 as the end product [48]. 
344 Comparison of the T G A and DSC curves leads to the 
345 conclusion that the plots contain very complicated thermal 
346 effects. In the case of l igand the first endo the rmic curve is 
347 small and sharp whereas a broad exothermic hump cen-
348 tered at 540 °C is obtained in the case of complexes. The 
349 broad and continuous humps imply slow decomposition 
350 leading to volatilization upon heating 
351 3 5 Mass spectrometry 
352 The FAB mass spectral data and fragmentation pattern 
353 of the ligand a n d its complexes a re given u n d e r Schemes 1 
354 and 2. The mass spectrum of disodium bis(2,2'-dithiopipe-
355 razinato-2,2'-diaminodiethylamine), did not show the 
356 molecular ion peak However , the base peak is observed 
357 at w/z (76) due to [M-391] fragment The other fragments 
358 at miz 413(44), 391(28) a n d 259(63) a r e observed for 
359 [M-54] , [M-76] and [M-208] fragment, respectively In 
360 t he case of Co2(L^)2 the molecular ion peak is observed 
361 at mh 961(23) while the other peaks are observed at mIz 
362 879(72), 583(64), 381(81) a n d 374(84) c o r r e s p o n d i n g t o 
363 [M-82], [M-378], [M-580] and [M-587], respectively 
(Scheme 2). Unlike the hgand the base peak in the case M 
of Co2(L'^)2 is observed at mIz 374 corresponding to M 
[2C0S4] fragment [49]. 3( 
4. Conclusion 3( 
The present paper describes the synthesis of tailored 3( 
homodmuclear transition metal complexes Although none M 
of the complexes have been obtained m the crystalline 3 
form, the experimental results suggest that dithiocarbama- ^ 
to ligand coordinates in a bidentate fashion leading to a 3 
closed ring system. The stoichiometry of the ligand metal 3 
was confirmed from their mass spectral data while the 3 
TGA explains a greater stability of the metal complexes 3 
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